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Abstract

Magpie social behaviour was studied at Linton in the Manawatu,
" from June 1978 to November 1982. Social behaviour patterns
and reproduction were investigated, and the hypothesis that

magpies were cooperative breeders was tested.

There were two population phases. Nomadic flocks formed 1in
spring and foraged on open, treeless pasture. The flock sex
ratio was determined from morphometric measurements, and was
between 33:66 and 50:50 males to females. Flock density
stabilised at 1 magpie per hectare, and the estimated daily
survival rate was 0.9. Territorial magpies defended
all-purpose areas averaging 5 hectares in size, and there was
no correlation between territory size and the number of
occupants. The mean adult survival rate was 0.85, and annual

productivity was 0.96 juveniles per breeding female.

Flock magpies associated randomly, and flock membership
changed frequently. The primary activity of flock birds was
foraging, which intensified during the afternoons, and in the
month of March. The proportion of flock magpies foraging was

positively correlated with the number of birds present.

Territories were defended by pairs and groups. Non-kin groups
may have formed in the flock, and kin groups formed when

Jjuvenile dispersal was delayed. Non-breeders did not help at

ii



the nest, and male parents made as many visits to nestlings as
females did. Time of day strongly influenced the distribution
of activities, so that foraging occupied more time in the
afternoons. Group-territory magpies spent less time perching
and more time defending the territory than pair-territory

birds.

The average national clutch size was 3.5 eggs. There was no
difference 1in the breeding output of pair-territory and
group-territory hens, but per capita production was 1lower in
the groups. Average 1individual fitness estimates were
prepared for each of four magpie lifestyles, and were highest

for pair-territory birds.

Supplementary food did not inhibit juvenile dispersal, and
lead to polygyny in the formerly pair-defended territories.
Hens receiving extra food fledged more juveniles than they had

in the previous spring.

It was argued that magpies were not cooperative breeders, but
selfish opportunists which exploited various social lifestyles

in order to obtain reproductive status.
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CHAPTER ONE

Introduction

1.0.0 The evolutionary paradigm.

Adaptations are attributes which permit organisms to
'accomplish those immediate objectives' which must be achieved
in order to survive and reproduce successfully (Dunbar 198&2),
and vary between individuals. GSince some of the individual
variation is 1inherited, the outcome of interactions between
organisms and their environments may be measured as the rate
of spread of the attributes in the gene pool, or fitness.
Natural selection is the process through which environmental
pressures on individuals effect changes 1in gene frequency,

establishing adaptations in the gene pool.

The role of natural selection as an optimizing agent was
queried by Gould and Lewontin (1979), who criticized
biologists for reducing organisms to collections of unitary
traits and then proposing a separate adaptive explanation for
each. By defining adaptations as the result of natural
selection, and then defining natural selection as the process
leading to the acquisition of adaptations, such biologists
were said to be reducing the theory of natural selection to a
tautology. Since then, several theoretical treatments have
demonstrated that no tautology exists when natural selection

theory is rigorously stated (Reed 1981, Dunbar 1982, van der



Steen 1983).

However the empirical demonstration of natural selection
remains problematic. Mayr (1983) recently argued that
adaptationist hypotheses are valid since they must be
systematically tested and excluded before the operation of
chance can be invoked. The evolutionary paradigm described
and defended by Mayr provided the practical framework for this
study. Because selection acts on individuals, magpie
soclality was examined from the standpoint of individual
magpies. The range of social responses made by magpies was
investigated, and their reproductive output was measured in
relation to lifestyle. In this way, 1t was possible to
evaluate the "adaptiveness" of magp ie social patterns.
Apparently non-adaptive altruistic acts (those that increase
the individual fitness of another animal while reducing the
individual fitness of the actor) which contradicted natural

selection theory were then investigated more closely.

1.0.1 Aim of the study.

An investigzation of magple social behaviour was initiated 1in
mid-1978, in order to discover how magpies in New Zealand
responded to Intraspecific competition for food and space, and

to test thne hypothesis tnat some magpies bred cooperatively.

Since variation is the raw material of natural selection,

inter-individual differences in social behaviour were examined



and their reproductive consequences measured. A demonstration
that individuals within social units compete for reproductive
opportunities would allow the effect of natural selection on

Lthe various lifestyles to be evaluated.

1.1.0 Taxonomy of the Gymnorhinae.

Gymnorhina is one of three genera in the Australo-Papuan avian
family Cracticidae, and refers to the Australian magpies.
Three geographically distinct types of magpie occur in
Australia, but since they interbreed freely in the areas of

overlapping range a common binomial, Gymnorhina tibicen, is

used (Schodde 1975, Dow 1980, Pizzey 1980, 1983). This

replaced the former trinomials (Gymnorhiga t. tibicen for the

northern black-backed form, Gymnorhina t. hypoleuca for the

southern white-backed form), and the separate species status

of the Western form, Gymnorhina dorsalis (Serventy 1969). A

genetic mechanism for the variation in back plumage colours
between white- and black-backed magpies was proposed by Hughes

(1982).

At present, magpies in New Zealand are classed into subspecies
(0.Soc.N.Z. 1970), presumably because they are geographically
isolated from the native populations (see a discussion of
subspecies by Phillips 1982, Zusi 1982, Parkes 1982).
However, phenotypic uniformity of white- and black-backed
magpies in New Zealand 1is 1lacking, and a range of plumage

patterns may be seen. For this reason it was impossible to



accurately identify the magpies in the study population to
subspecies level. The population comprised white- and
black-backed forms of the Australian mugpie, Gymnorhina
tibicen.

1.2.0 Habitat, diet, predators and pathogens of magpies.

In the Australian environment, magpies occupy open savannah
woodlands and farmed pastures (Carrick 1972), and are
nonmigratory. They eat "a wide range of ground arthropods,
mainly insects and spiders, and also earthworms" {(Vestjens and

Carricxk 1974).

Tne Australian raven (Corvus coronoides) preys on eggs and

young nestlings, and adults are taken by foxes and feral cats

(Carrick 1972), as well as by humans.

Magpies are infected by a variety of pathogens. Deaths due to

Staphylococcus, Pasteurella and Aspergillus infections were

reported by Carrick (1972), and Harrigan and Arundel (1978)

described Syngamous trachea in a white-backed magpie.

White-backed magpies have also been reported with poxvirus

infections (Harrigan et al 1975).

1.3.0 Introduction to New Zealand.

McIlroy (1968) has summarised the available information on the

introduction of magpies to New Zealand, based on the report by



Thomson (1922) and subsequent notes in the literature.

The first birds were probably those from Victoria liberated in
Canterbury between 1864 and 1867, to control insect pests of
pasture. Many introductions followed throughout New Zealand
during the next thirty years, and now magpies are distributed
throughout the low-altitude areas of both main islands (Bull

et al 1978).

1.4.0 Magpie longevity.

Magpies are long-lived birds with age-spans of up to eighteen
years in the wild (Carrick 1972), and in captivity (McCaskill
1945). Evolutionary studies of social strategies require
lifetime reproductive data from individuals (Vehrencamp 1979),
presenting the students of potentially cooperative subtropical
species (Emlen 1978) with severe logistical problems (Balda

1981).

There is an alternative approach which circumvents the
necessity for such long-term investment of effort, at least in
part. Called strong inference (Platt 1964), it is the
classical approach to scientific research. A series of
falsifiable hypotheses are systematically tested wuntil one
hypothesis is found which cannot be disproved by experimental
results. Strong inference allowed cooperative breeding in

magpies to be investigated in a relatively short time span.



1.5.0 Contents

Each chapter following was designed to be self-sufficient, so
that the methods and discusion appropriate to the data were in

immediate proximity.

1.5.1 Contents of Chapter Two.

A description of the study area and the distribution of
magpies in that area is supplied in Chapter Two. The size of
the population was estimated, and different patterns of
resource use and site-attachment studied. Survival, migration
and reproduction were investigated, and comparisons were drawn

with an Australian population.

1.5.2 Contents of Chapter Three.

In Chapter Three, the cohesiveness and everyday behaviour of
nomadic magples living 1in a flock are described. From
resightings of banded birds it was possible to compare the
pattern of Individual assoclations with a pattern that would
be expected if flock magpies arrived and departed randomly
from the flock area. A study of time budgets allowed the
behaviour patterns of fLock magpies to be catalogued, and

foraging behaviour to obe studied.

1.5.3 Contents of Chapter Four.



Behavioural interactions within and across territory
boundaries are summarised in Chapter Four. Changes in the
composition of social groups were monitored, and 1led to an
understanding of group origins. A time wudget study allowed
behavioural differences between individuals to be linked to

reproductive and social status.

1.5.4 Contents of Chapter Five,

The breeding performance of female magpies in different social
units was compared, in order to discover whether productivity
was enhanced by the proximity of nonbreeding companions or
offspring. 1f female magpies living in group-defended
territories reared more offspring than their counterparts in
smaller social units, then the hypothesis that magpies were
cooperative breeders could be accepted. These and annual
production data for four breeding seasons are presented in

Chapter Five.

1.5.5 Contents of Chapter Six.

The results of a food-addition experiment which tested the
hypothesis that Jjuvenile magpies emigrate from their natal
territories in response to a food shortage are given 1in
Chapter 5ix. A characteristic of cooperatively breeding
species 1s the delayed dispersal of offspring, and this
research aimed to discover why delayed dispersal occured so

infrequently in the study population.



1.5.6 Contents of Chapter Seven.

Chapter Seven contains a formal defence of the thesis that
magpies Iin the Linton population did not breed cooperatively,
and that their social responses were selfish rather than
altruistiec. It 1is argued that magpies exploited a range of

lifestyles in the transition to reproductive status.



CHAPTER TWO

Dispersion and Spacing Mechanisms in Lhe Linton Population

2.0.0 Introduction

Animal social systems evolve 1in response to environmental
pressures on life-history features (Gadgil and Bossert 1970,
Dunbar 1983). To understand a social system, it is therefore
necessary to know the demographic regime of the species in
question (Fitzpatrick and Woolfenden 1981). The objective of
this chapter 1s to describe the demographic processes of
spacing and resultant dispersion in a New Zealand population
of magpies, and to compare these features with those recorded

in an Australian population (Carrick 1963,1972).

The first question to be posed was, how were magpies dispersed
in the New Zealand population? Dispersion commonly refers to
the distribution of animals 1in space at one moment in time,
and in many species the pattern of dispersion reflects the
association of individuals in primary social wunits - the
smallest social wunit in which members can survive and
reproduce normally (Brown and Orians 1970). More than one
type of social unit has been previously described in a magpie
population (Carrick 1963, and see section 5.0.0), and this
investigation aimed to establish whether similar complexity
occurred in a New Zealand population. First, magpies in the

study area were banded, mapped and counted in order to



discover both nomadic and sedentary birds. Then, since
dispersion is density-dependent (Taylor et al 1978), the
density and spatial distribution of the sedentary birds was

found in order to anticipate trends in population dynamics.

The nomadic phase of the population was then examined more
closely. What age and sex were the nomadic individuals? The
measurements of trapped birds of known sex were used to create
a discriminant function for sexing wunknown magpies, and a
comparison of the sizes of mature and immature birds was made.
How many magpies were nomadic, and when did they leave the
sedentary phase? Capture-recapture analyses of banded birds
were performed to estimate the number of nomadic birds, and
the formation of nomadic flocks was monitored during regular

field inspections.

Focus then shifted to the sedentary magpies. How many birds
in the study area defended territories, what was their
density, and did their numbers vary from year to year? Linked
to this was the question of territory occupancy; was
territory size correlated with tne number of magpies living
within the boundaries? These questions were answered from
census data and the average annual productivity was also

calculated from these data.

Finally, tne behavioural mecnhanisms which allowed wmagpies to
space themselves with respect to each other were examined.

Song and stereotyped postures served as devices to manipulate

10



the behaviour of conspecifics (in the sense of Hinde 1981),

and attempts to describe these elements were made.

Even witnin the reproductive phase of an animal population,
asymmetries in sex, reproductive value, experience, dominance
and kinship lead individuals to adopt different Dbehavioural
strategies from each other (Emlen 1981). In this chapter the
demographic stage is set for a study of individual differences

in lifestyle and reproductive performance.

2.1.0 Methods

2.1.1 5tudy Area

Fieldwork was concentrated in the area bound by Hewitt's Road,
State Highway 57, Kendall's Line and the foothills of the
Tararua Mountain Range at Linton in the Manawatu region.

o, . ) ) P .
Linton is 175 30'E in longitude and 40°26'5 in latitude.

The 3.03 km2 area constituted five farms; three dairy units,
one dry-stock run, and one sheep and beef unit. Ryegrass and
ry=grass/clover pastures were maintained on a clay-loam soil.
Apart from one small copse of native tree species in the study
area, the irregularly occurring snelterbelts were dominated by
pine {(Plaus radiata) and macrocarpa (Cupressus macrocarpa)

trees.,

The Manawatu district 1s characterized by an average annual

11



rainfall of 986 mm2, and prevailing westerly winds. Monthly
mean temperatures (from data collected at D.S.1.R. Palmerston
North over thirty years) range from 8.QOC in July to 18.10C in

February.

2.1.2 Live Trapping

Sub-adult and adult magpies were trapped in the study area for
banding from June 1978 to May 1980. The trapping technique
was developed from a method described by J. Hughes (pers.
comm.). A wire-netting trap measuring 1.3m x0.90m x0.90m was
erected at the centre of a territory and fitted with four
funnel entrances at ground level. One live decoy magpie was
placed inside the trap 1in a smaller cage. Rolled oats were
scattered on the ground near the entrances. This device 1is

illustrated in Plate 2.a.

Flock birds were trapped in the same manner but in a larger
wire-netting trap measuring 1.8m x1.8m x1.8m. Up to twenty

magpies were collected at once by this method. See Plate 2.D.
Once caught in the trap, magpies were captured by hand and

transferred to calico bags fitted with ventilation holes and

draw- string tops.

2.1.3 Morphometric Measurements

12



PLATE 2.a. Territory trap, containing decoy bird. Two magpies
sing in response to the decoy stimulus, and two other
magpies exhibit the bill-down display.

PLATE 2.b.  Flock trap.






Captured magpies were measured as follows. weight to the
nearest gram was read from a spring balance (Salter), and
corrected for bag-weight; bill length, width, and depth were
measured with Vernier calipers; tarsus, toe, and toenail
lengths were found by extending dividers to the limits of the
limbs and reading the 1lengths from a metal ruler; wing and
tail lengths were measured directly by the same metal ruler.

All measurements were entered onto individual record cards.

The statistical analyses of these data are described in

section 2.1.9.

2.1.4 Banding

A total of 62 magpies were banded in the Linton study area
between June 1978 and May 1980. The left leg received one
stainless steel numbered and one coloured plastic band, while
the right 1leg was fitted with a unique combination of three

coloured plastic bands.

2.1.5 Sex and Age Classes

Sexes were determined with reference to plumage criteria.
Adult male magpies exhibited 'shining' white nape and back
feathers, while the same feathers on females were grey. Males
were also slightly larger than females (see 2.2.4) but this
characteristic was not wuseful for the visual sexing of birds

in the field.

14



5ix age classes were recognised, based on physical appearance.
They are summarised on Table 2.a. Difficulty was experienced
in visually separating adult females (A4ge Class 6) from
subadults  of either sex (Age Class DY In
practice, identification of an animal as an adult female was
certain only in territories defended by a monogamous pair, and
had to be confirmed for other magpies by observation of

female-like reproductive activity.

2.1.6 Colour Classes

An arbitrary classification of the variations in back plumage
colour was developed, after a similar system by N. Murray
(pers. comm.). Birds handled during trapping were assigned a
colour class, as were all magpies whose behaviour was noted
during the project. The range of variation in back plumage is

illustrated in Figure 2.a.

A photographic plate illustrating the variety of back plumage

in the black-backed magpie was published by Cole (1921).

2.1.7 Exploratory Observations

Magpies were located at dawn by tracing the source of bouts of
singing. Singing birds were then monitored until they flew to
the ground to commence foraging. Those animals flying less

than 300m. to their foraging positions were tentatively

15



TABLE 2.a

Magpie age classes

Class

Stage of Development

o O BEwWw N -

nestling

fledgling. See Plate 2.c.
less than one year in age

less than two years in age.
subadult, less than four years
adult. See Plate 2.d.
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considered to be territorial in that area. Territoriality was
confirmed by attendance at a nest in the vicinity, or through
the observation of aggressive 1interactions with nearby
magpies. Once identified, territories were named with
reference to a promninent geographic feature, (Following
Davies (1978), territories were recognised whenever the birds
were spaced out more than would be expected from random

occupation of the habitat).

The study area was traversed on foot at intervals, and the
presence or absence of individuals was noted. The results of
each circuit were entered onto territory or flock 1logs, soO

that a history of each magpie locality was compiled.

Behavioural observations of both banded and unmarked magpies
were conducted from portable nylon hides (manufactured at Len
Shailer Ltd., Palmerston North) erected near the birds, or
from positions of concealment in nearby clumps of vegetation,
Average flight distances (the distance between observer and
subjects when the subjects take flight) were too great to

allow opportunistic observations to be made.

A 'no-restraint' or ad libitum method of sampling behaviour
was employed (Altmann 1974). Ad 1libitum observations were
made with the aid of 10 x 40 binoculars (Zeiss) and recorded
into field notebooks. Resultant data were descriptive in form
so that assumptions about the true probability of observing

individuals and behaviour patterns did not have to be
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satisfied (Altmann 1974,Lehner 1979). This sampling technique
provided a formal format for the early exploration of the
study area, without -excluding fortuitous observations of

unusual or rare events.

2.1.8 Sampling Density

To obtain estimates of population density, the number of
magpies living within the boundaries of the studied area was
found (population size), and expressed in relation to the

measured size of the study area.

The size of the study area was found from a composite aerial
photograph which had been calibrated from 8 measurements of
real distances between landmarks. Territory sizes were found
by tracing approximate territory boundaries onto transparent
draughting paper, and weighing the pieces of paper encompassed
by each perimeter. The weight of a 1Omm2 piece of the same
paper was employed to determine the territory sizes
represented by each measurement. A Mettler AE160 balance was

used. Boundaries were only approximate because magpies were

not observed to defend all limits of their territories, and

because the outlines were not drawn from marks made in the

field.

Separate population density estimates were prepared for
locally distributed mobile magpies and sedentary magpies. A

capture-recapture technique developed by Fisher and Ford
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(1947) for several releases and several recaptures (Begon
1979) was applied to the data collected from mobile birds.
Population size was estimated by assuming that the ratio of
marks to total individuals in a day i sample is the same as in
the total population:
g
where Ni =estimated population size on day i
ni =the number of individuals caught on day i

m.1 =the number of marked individuals caught on day i

Mi =the number of marks at risk on day i.

Mi was calculated by comparing the days survived by marks in
the samples with the days survived by marks in the population.
Initial captures were banding events and later 'recaptures'
were made during routine watches of the nomadic flock.The
Fisher-Ford method assumes that survival rate is constant, and
in common with other capture-recapture methods demands that
marks are permanent (and correctly identified); that
individuals are unaffected by marking; that all individuals
have an equal chance of being caught; and that all
individuals have an equal chance of dying or emigrating (Begon
1979). The estimated parameters are derived by grouping data
together to produce a single survival-rate. Samples are

combined and sampling errors therefore tend to cancel out.

Sedentary birds were sampled by the area count or spot-map

method (Davis 1982), despite the interpretational problems
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inherent in the technique (Best 1975). The study area was
systematically searched and magpies seen or heard were noted.
This procedure allowed direct enumeration of sedentary birds,

and a map of bird locations was developed.

The efficiency of censusing by the territory mapping technique
was estimated using the method published by Svensson (1978).
It was shown from a binomial model that as visit efficiency
(the ratio between the result of a single visit and the true
number of territories) increased to 80%, then 99% of the
territories should be identified after 5 valid visits with an
acceptance level (minimum number of point-records required) of
2. From the published table it was then possible to determine
the minimum number of registrations required for various
numbers of valid visits, in order to obtain 90% census

efficiency from visits of 85% efficiency.
2.1.9 Statistical Analyses of Morphometric Measurements.

Twosample t-tests of the differences between variable means
for each age class were conducted (without assuming equal

variance) using MINITAB (Ryan,Joiner and Ryan 1976).

The measurements on seven variables (weight, tarsus llength,
toe length, toenail length, beak length, beak depth, and beak
width) obtained from the trapped sample of adult magpies of
known sex were subjected to a discriminant function analysis.

This technique permitted an optimal linear combination of the
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variables to be developed, for use in sexing other trapped

magpies on the basis of morphological measurements alone.

The basic strategy in discriminant function analysis 1is to
form a linear combination of the measured variables similar to
L=B1X1+32X2+....Bpxp
where X1=variable one
X2=variable two
Xp=the pth variable
B=a constant
and there are n1 individuals in group (population) 1, and n,

individuals in group (population) 2 (Kleinbaum and Kupper

1978).

A dummy variable indicating group membership (in this case,
sex) was created and birds identified as males were scored 1,
while females were scored as 2. Magpies of unknown sex were
scored O and «classified as male or female on the basis of L
obtained from each individual, after the discriminant function

had been calculated from a stepwise regression procedure.

Subprogramme DISCRIMINANT in the SPSS series was employed for

this analysis (Nie, N.H. et al 1975).

2.1.10 Calculation of Dispersion Measure.

A quantitative measure of spatial relationships in populations

is the distance to nearest neighbour, developed by Clark and
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Evans (1954). The nearest neighbour analysis is a measure of
the manner and degree to which the distribution of individuals
in a population on a given area departs from that of a random
distribution (Clark and Evans 1954). The ratio of the mean of
measured nearest neighbour distances to the mean distance
which would be expected if the population were randomly
distributed is calculated, and used as a measure of the degree
to which the observed distribution approaches or departs from
random expectation. In a random distribution R=1, under
conditions of maximum aggregation R=0, and under conditions of
maximum spacing R=2.1491., If R indicates that the population
is not randomly distributed, then the significance of the
difference between means can be determined from the Pearson

type III distribution.

In this study, each 'neighbour' was the nexus of a territory.

The territory nexus corresponded to that place 1in the

territory which was observed to be most favoured by the

occupants, and was usually also the location of nest sites.

2.2.0 Results

2.2.1 Two Population Phases.

Two population phases were distinguished on the basis of

use-of-space criteria.

1528 sightings of site-attached (sedentary) magpies were
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logged between June 1978 and May 1982. These birds were found
to be actively defending areas pivoted about tree clumps or

lengths of treeline.

Almost 400 sightings of nomadic birds were logged during the
same period. These animals foraged in flocks on undefended
pastures in the study area, and were observed to roost
together in tree-clumps at the edge of the area. An unknown
number of magpies fed within the study area, but made 1long,

high dawn and dusk flights to other destinations.

2.2.2 The Nomadic Flock.

A flock of 35 magpies was first observed in the study area on
28-8-78. A week later U4 birds were counted at the same
locality, shown on Figure 2.b, and regular periods of

observation of these birds commenced.

Four separate banding efforts were made 1in flock grounds
between September 1978 and February 1979. A total of 33
individuals were measured and colour-banded; 26 from Age
Class Four, 3 from Age Class Five, and 4 from Age Class Six.
One=-quarter of the trapped sample consisted of partly
black-backed magpies (Colour Classes B,C,D}, and the remainder

were white-backed.

The morphometric measurements are summarised on Table 2.Db.
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TABLE 2.b

Morphometric measurements of flock magpies

27

Age class 4 Age Class 5+ 6 T Test MU; = MU,
n 26 7
Variable
Weight X 319.2 345.7 - _2.85
(gms) S 20.3 22.3 :
Si 4.0 8.4 = 0.022*
max 355.0 380.0
min 285.0 325.0
Tarsus X 55.4 55.4 _
(mm) S 3.1 2.8 = -0.00
Si 0.6 1.0 = 1.0
max 61.0 60.0
min 49.5 52.0
Toe X 30.5 30.0 _
(mm) S 2.3 3.0 = 0.5
Si 0.4 1.1 = 0.74
max 36.0 34.0
min 26.0 25.0
Toenail X 11.9 12.2 _
(m) S 0.9 1.2 = =0.5
Si 0.1 0.4 = 0.60
max 14.0 14.5
min 9.5 10.5
Beak X 48.3 52.2 - 211
length S 3.8 4.7 )
(mm) Si 0.7 1.8 = 0.068
max 54.0 60.0
min 35.5 45.0
Beak X 20.6 21.9 -
depth S 2.3 1.6 SERS2EED
(mm) Si 0.4 0.6 P = 0.066
max 24.0 20.0
min 11.0 20.0
Beak X 18.1 18.8
width S 2.4 2.0 = -0.9
(mm) Sg 0.4 0.7 = 0.36
max 21.5 21.0
min 10.0 15.0
where * = P < 0.05



Only the bodyweight variable was found to differ significantly
between the age classes at the 95% level. Older magpies in
the flock were heavier than the younger birds. Beak length
and depth measurements tended to be smaller in the younger
magpies, but the difference was not significant. Full adult

size may not be achieved before 3 years of age.

An attempt was made to classify the flock sample of 33
measured individuals by sex. Nine adult males and nine adult
females (see section 2.2.3) formed the data set for a
discriminant function analysis. The analysis is summarised on

Table 2.c.

The variables tarsus length, toe length and beak 1length were
found (through stepwise regression) to contribute the most
useful measures in the discriminant function. When applied to
the initial sample of 18 adults of known sex, the function

correctly classified 78% of the individuals.

When classified by the procedure described above, the sample
of 33 individuals of unknown sex was found to comprise 11
males and 22 females. The classification confirmed later
field identifications of sex for all of the 5 magpies (3
males, 2 females) for whom a visual sexing attempt had been

made.

Throughout this discriminant function analysis it was assumed

that all measured variables could be considered, regardless of
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TABLE 2.c

Results of discriminant function analysis
on tarsus, toe and beak length measurements
of 18 sexed magpies and 33 unsexed magpies

Actual Group No. of Cases Predicted Group Membership

Male Female
Male 9 6 3
66.7% 33.3%
Female 9 1 8
11.1% 88.9%
Ungrouped 33 11 22
33.3% 66.7%

Classification Function Coefficients

Variable Male Female
Tarsus length 6.499376 6.280153
Toe length 4.127588 3.844738
Beak length 1.896850 1.723930

Constant -302.8236 -272.9843




the age of the measured bird. In other words, the possibility
that differences in body size due to age confounded sex
differences was ignored. Since females tended to be smaller
than males (see section 2.2.4), younger -and smaller- magpies

would be-classified as females, rendering the male estimate

conservative.

It was shown above that there was a possibility that one of
the classifying variables, beak 1length, was subject to age
effects. Therefore a second discriminant function analysis

was performed, with only tarsus 1length and toe length

specified.

This time, only 67% of the cases of known sex were correctly
classified, 12 birds were grouped with the males, and 21 were
considered to be female. When age effects were controlled,

one bird was reclassified from female to male.

The estimate that 33% of the nomadic flock birds were male and
66% were female must remain conservative however, because of
the small sample sizes (nm=9, nf=9) from which the original

function was derived.

The size of the mobile phase of the population was estimated
from capture-recapture data, for the spring of 1978. The
estimated population parameters are presented on Table 2.d.
The estimated size of the mobile phase within the study area

fell over 65 days from 242 to 36; the estimated daily
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TABLE 2.d

Population parameters estimated from flock
recaptures, using Fisher-Ford method

A A} TAY
Day Days elapsed N. L B.

1 = = = =
2 17 242 24 -
3 14 118 12 33
4 9 139 14 -72
5 11 53 5 -30
6 11 18 4 20
7 3 36 4 -
where Ni = estimated population size on

day 1

estimated losses to day i

estimated additions to day i

and ¢ (daily survival rate) was 0.9



survival rate was 0.9.

Population density is estimated in section 2.2.4.

By mid-January 1979 most flock birds foraged on the treeless
pastures at the eastern 1limit of the study area (see Figure
2.b). These pastures were short, grazed by sheep, and
frequently bisected by deep but grassed gullies. About 20

magpies were still using this area in January 1982.

Another local concentration of mobile birds was detected on
14-9-80. More than 20 magpies of Age Class Four were recorded
flying, singing and foraging in the area indicated on Figure
2.b. 0On 3-12-80, 28 young magpies were counted in the area
but by January 1982 this flock had dissipated and the area was

once more defended by sedentary magpies.

A third flock of 12 magpies was first observed 7-8-82, in
treeless pasture at the northern side of the study area (see
Figure 2.b). Three individuals of Age Class Four were counted
amongst these animals. The fate of this flock was not

documented.

Flock birds banded in 1978 were resighted in that area until
June 1980. In addition, 3 flock-banded individuals were
resighted as territorial residents. Two of these magpies were
females or subadults in group-defended territories outside the

study area, and were not individually identified.
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The third bird was resighted in March and June 1980 as an
adult male in company with 3 and then 2 females or subadults
at the 1location marked on Figure 2.Db. The group was
attempting to establish a territory but had disappeared from
that location before the census in January 1981. The bird was
variously identified as 'white-blue-red' or 'white-green-red'.
The former combination marked a magpie banded at Age Class
Four in 1978 and identified as male by the discriminant
function analysis, while the latter combination identified a
flock~-banded subadult (Age Class Five) scored as female in the
discriminant function analysis. Depending on identity, this
bird had spent between 18 and 30 months in the mobile phase of

the population.

The flock birds under observation during this study did not

attempt to reproduce.

2.2.3 Magpie Territories.

Approximate boundaries and dates of first observation for
territories discovered in the study area are superimposed on
the sketchmap in Figure 2.c. Partial histories of 30
territories have been compiled and form the data-set for

section 4.2.1. Each territory is coded by number on the map.

During the course of the study, 22 territorial residents were
trapped and banded in the study area. Of this sample, 12 were

from Age Class Six (7 males and 5 females); U4 from Age Class
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Five (2 males, 1 female and 1 sex- unknown); and 6 from Age
Class Three (sex unknown). Eleven of the magpies (50%) were
white-backed (Colour Class A), and 11 (50%) were partly hlack-

backed (Colour Classes B,C,D).

Six other adults trapped in territories outside the study area
were added to the sample of 12 adults described above, in
order to obtain 1linear discriminant functions for use in
classifying other magpies by sex (section 2.2.2). Refer to

Table 2.c above for a summary of the analysis.

Individuals of known sex from Age Class Five were added to the
adult sample for comparison of morphometric measurements
between sexes, by t-test. The results are summarised on Table
2.e. Males had significantly longer beaks than females, and
tended to have deeper beaks although the difference was not

significant.

Morphometric measurements obtained from the 6 magpies sampled
in Age Class Three are summarised on Table 2.f. After
t-testing against measurement means for adult females, only
bodyweight was found to be significantly lighter (P<0.05).
Territorial magpies not yet one year in age had reached adult
proportions in every measure except bodyweight, but note that
Age Class Four birds in the larger flock sample had smaller

beaks than those in Age Class Five and Six (see section

262. ).
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TABLE 2.e

Morphometric measurements of territorial males and females

Male Female T Test MU; = MU,
n 11 10
Variable
Weight X 360.0 351.0 t = 66
(gms) S 3515 26.3 ’
Si 10.7 8.3 = 0.52
max 445 .0 405.0
min 320.0 310.0
Tarsus X 56.9 54.9 B
(mm) s 3.7 2.1 t=1.5
Si 1.1 0.7 = 0.14
max 61.5 58.5
min 52.5 51.5
Toe X 31.9 30.2 _
(mm) S 2.7 2.6 t=1.53
S; 0.8 0.82 = 0.14
max 28.0 35.0
min 33.0 26.5
Toenail X 12.2 11.4 - 1.71
(mm) S 1.2 0.8 :
S; 0.4 0.3 P =0.11
max 14.5 12.5
min 11.0 10.0
Beak X 53.1 47 .4 _
length S 4.3 7.2 =2.1
(mm) S; 8 2.3 P = 0.04*
max 64.0 52.0
min 49.0 27.5
Beak X 21.3 20.1 _
depth S 0.9 1.8 = 1.96
(mm) Si 0.3 0.6 = 0.07
max 22.5 23.5
min 20.0 18.0
Beak X 17.7 17.3
width S 1.7 1.8 t=20.44
(mm) Si 0.5 0.6 = 0.67
max 21.0 21.0
min 16.0 15.0

where * = P < 0.05



TABLE 2.f

Morphometric measurements of Age Class 3 magpies

Variable X S S; max min
Weight (gms) 320.0 16.1 6.6 345.0 295.0
Tarsus (mm) 55.9 2.4 1.0 60.5 54.0
Toe (mm) 30.6 1.3 0.5 33.0 29.0
Toenail (mm) 11.3 1.3 0.5 14.0 10.0
Beak Tength (mm) 48.7 2.4 1.0 52.5 46.0
Beak depth (mm) 20.3 0.5 0.2 21.0 20.0
Beak width (mm) 18.0 2.7 1.1 21.0 14.0
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The size of the sedentary phase of the population was
determined by direct enumeration during four summer censuses
in the study area. Although few of the territorial residents
were colour-banded, individual magpies within the study area
varied in the patterns of nape and back plumage and were
readily identifiable. Others limped or displayed such
idiosyncratic behaviour that they could be continually

recognised.

From January 1979 to January 1982, 84 territory inventories
were completed - 20 in 1979, 27 in 1980, 21 in 1981 and 16 in
1982 (Table 2.g). Just over half (n=48) of these counts were
from 12 territories and represented a continuous record of

occupancy over 36 months (Table 2.h).

A total census efficiency of 90% was achieved. (See Table One

of the Appendix for confirmation).

It was found that the adult male:female ratio remained at 1:1
throughout the study, and that Age Class Three magpies made up
about 30% of the sedentary summer populations. An average
annual production of 0.96 juveniles per adult female was

calculated from the sample of 12 regularly sampled

territories.

The null hypothesis that the four annual counts were drawn
from the same population was tested using Friedman's two-way

analysis of variance by ranks. Each row 1in the analysis
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TABLE 2.9

Summer census counts of territorial magpies

Year 1979 1980 1981 1982
No. territories 20 27 21 16
No. magpies 88 121 82 65
No. adult males 27 40 30 20
No. adult females 26 31 23 20
No. age class 5 birds 1 4 1
No. age class 4 birds 9 g
No. age class 3 birds 29 31 19 19
No. unclassed birds 2 9 4 3

TABLE 2.h

Summer census counts of 12 closely-watched territories

Year 1979 1980 1981 1982
No. territories 12 12 12 12
No. magpies 47 53 48 48
No. adult males 15 16 17 13
No. adult females 16 15 15 14
No. age class 5 birds 0 1 3 1
No. age class 4 birds 2 3 2
No. age class 3 birds 14 18 11 15
No. unclassed birds 0 0 1 3
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represented a matched set of subjects (Age Class Six males,
Age Class Six females, Age Class Five birds, Age Class Four
birds and Age Class Three birds) from the 12 territories, and
the columns represented the four census counts. The scores in
each row (proportion of the annual count in a given age/sex
class) were ranked from lowest (1) to highest (4), and
Friedman's test was used to determine whether the rank totals
in each year differed significantly. A value of X=0.42 was
obtained, causing the null hypothesis to be retained. The
numbers of magpies in each age and sex class did not vary

significantly from year to year.

The total sampled population ranged in size from 65 magpies in
January 1982 (16 territories) to 121 birds in January 1980 (27
territories). Density estimates were prepared from these data

in section 2.2.4.

No data on longevity were collected during this study, but the
mean survival rate of adults in the 12 territories monitored
for 36 months was estimated to be 0.85. A total of 35 adults
contributed 1067 magpie-months to the survival data, and
causes of "death" (disappearance from a territory) were not

known.

2.2.4 Magpie Dispersion in the Study Area.

Population size estimates were prepared separately for each of

the two population phases. The estimated numbers of mobile
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birds on flock grounds in the spring and early summer of 1978
were summarised on Table 2.d above, and the counted numbers of
sedentary magpies in territories were given on Table 2.g

above.

The size of the study area was found from the calibrated
aerial photograph to be 3.03 km2 (303 Ha.). That part of the
area observed to be used by mobile magpies between September
1978 and January 1982 and called the 'flock grounds' measured
0.35 km2 (35 Ha.), and was just over 10% of the total studied
area. The initial density of flock birds in 1978 was 242/0.35

magpies per square kilometre, or 7 birds per hectare. Sixty

five days later, density had fallen to 1 magpie per hectare.

Several instantaneous density estimates for the territorial
phase were prepared. Approximate sizes of 30 territories were
found from the aerial photograph and wused for the density
calculations. In January 1979, 88 birds were counted in 20
territories with a total area of 1.2 km2 (124 Ha.). The
density was 0.7 territorial magpies per hectare. The average
density over U4 years from the 12 continuously censused
territories (area 71.5 Ha.) was 0.7 birds/Ha., and the
density calculated in 1980 (when 27 territories were counted

over 146 Ha.) was 0.8.

There was no correlation between the number of birds per

territory and territory size (rs=0.226, n=12, P>0.10).
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The pattern of distribution of the territorial phase was
calculated from nearest neighbour distances between territory
nexuses. The mean observed distance to the nearest neighbour
was 229.8m, while the mean expected distance was calculated to
be 103.5m. For this distribution, R=2.22, equivalent to a
distribution in which the mean distance to the nearest
neighbour (the nexus of the.next territory) is maximised. The
centre points of individual territories were uniformly

distributed.

2.2.5 Stereotyped Display Behaviour.

Ad libitum records of the performance of stereotyped action
patterns by magpies covered four social contingincies: (1)
interactions with conspecific competitors, (2) interactions
with mates (see section 4.2.7), (3) interactions with young
(see sections 4.2.6 and 4.2.9), (4) 1interactions with peers

(see section 3.2.3). Three displays performed in the first

context are described here.

Birds engaged in inter- and intraterritorial disputes were
often observed to adopt a hunched posture, with feathers
fluffed out and bill down. Walking was stilted and frequently
interrupted by bouts of intense pecking at the ground. This
posture is illustrated on Figure 2.d, and was termed
"bill-down" display. This display was associated with other
aggressive acts by adult magpies and was considered to perform

a threatening function.
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BILL -DOWN DISPLAY

WING-TREMBLING DISPL AY

FIGURE 2.d. Stereotyped display behaviour of magpies.
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In similar social interactions, magpies were some times
observed to stand or run with the wings outstretched and
trembling rapidly (Figure 2.d). This action was performed
repeatedly during the spring of 1979 by a subordinate female
attempting to reproduce in territory [12], whenever she was
approached by the dominant hen. This and other observations
led to the conclusion that the "wing-trembling" display

functioned in appeasement.

The third display was performed by magpies flying over
territories in which they did not land. The birds "tilted" in
flight from side to side, so that the plumage of the back was
clearly visible to the observer. A function for this display
could not be determined, nor could general rules for its

performance.

2.2.6 Singing Behaviour.

It was only possible during this study to make general
observations of the type and timing of vocal displays.
Magpies vocalised in defence of resources, during alarming
incidents, in and at nests, and in less obviously functional

ways (such as soft subsong by younger birds).

The group singing which characterised magpie occupancy of
territories was too complex for analysis without sound
recording equipment, but seemed to the observer to 1include a

terminal 'flourish' and to involve duetting.
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Alarm calls were either two-note vocalisations repeated until
the alarm was over, or a single thin whistle which was

difficult to localise and usually performed towards evening.

Captive-reared magpies began sub-song at about 4 months of age
and continued to warble quietly to themselves at intervals for
several years. Sub-song was most often heard in the field

near noon on warm and windless days.

Incubating females were heard to beg from nests (see section
4,2.8), and adults participating in nestling care vocalised
softly to the younger birds. From fledging to achievement of
independence (4 months of age), magpies elicit food-exchange

from adults by vocalising repeatedly and loudly.

2.3.0 Discussion

The existence of numerous nonterritorial and nonreproductive
individuals within a magpie population was first described by
Carrick (1963). Flock birds were viewed as a nonmigratory
overflow from the territorial population, able to exist
because of the generalised diet and versatile foraging
behaviour of the species. This study has confirmed that a
nonterritorial phase constituted part of a New Zealand
population. Independent young in populations of the Western
magpie may live in small groups 1in neutral zones between

nesting territories, and displaced adults may travel through
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defended areas, but the occurrence of large aggregations of

nonbreeding animals has not been reported (Robinson 1956).

Each of the nonterritorial flocks which formed 1in the study
area was first detected in August or early September, a time
period corresponding to breeding by territory holders (see
section 4.2.2). Also, many of the flock members were magpies
Jjudged by plumage appearance to be aged between one and two
years (Age Class Four). These observations suggest that
flocks were formed from dispersing Jjuveniles which had
migrated from the territorial phase of the population, and
that emigration from territories took place just prior to the

fledging of the next cohort of chicks.

The estimated change in size of the flock which formed in
Spring 1978 demonstrated that emigration from territories was
simultaneous, and led to an initial period of dispersal by the
younger magpies. The mobile birds may have returned to natal
territories or settled outside the study area, before the
flock stabilised at about 35 individuals. The degree of flux
within the flock after formation was unknown, but banded
individuals were still present on the flock grounds 18-20
months later. A restricted home range may enable "floaters"
or nonterritorial individuals to accumulate knowledge of the
terrain and to form bonds of attachment and identification

with other animals (Smith 1978).

At least one-third of the magpies trapped in the flock were
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male, based on morphological measurements. More males than
females of known sex (3/9) were incorrectly grouped by the
discriminant function analysis so that 33% of the initial male
sample was identified as female. If 33% of the flock sample
of miles was incorrectly assigned female grouping, then the
actual number of males in the flock sample was about 16. This
figure would generate a flock sex ratio of 16 males to 17
females, or parity. 1In this study then, the proportion of
male magpies in the flock was between 30-50%. Males comprised
61% of the flock birds studied in Australia (Carrick 1972),
although the method of sexing was not described. If these
sample differences reflect true population differences in
flock sex ratios between Linton and Canberra, then relatively
more females migrate out of the territorial phase in the New
Zealand population, or the rate of recruitment of females from

the flock is slower.

The territorial population density measured at Linton was four
times greater than at Canberra. Although Carrick (1972)
offered contradictory density estimates, on average 48
territorial magpies were counted per square mile (259 Ha).
The resulting density of 0.18 territorial birds/Ha. should be
compared to 0.7 birds/Ha. measured at Linton. The density of
flock birds at Linton was 1 bird/Ha. after December 1978,
compared with 0.15 birds/Ha. at Canberra. In other words,
each hectare of foraging substrate available to nomadic birds
at Linton supported 6 times more magpies than did a comparable

area at Canberra. Although flock density was marginally
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higher than territorial density at Linton, the reverse was the
case at Canberra, leading to the conclusion that Linton
magpies experienced relatively less stress in the transition
from territoriality to nomadism (assuming that density
estimates reflected the carrying capacity of the flock and

territory areas).

Of the 30 territories investigated during this study, 27
proved to be permanent and all-purpose in nature and did not
overlap spatially. The remaining 3 were of short tenure. The
grades of territoriality described for the Australian
population (Carrick 1963) were not observed at Linton. This

point is discussed fully in section 4.3.0.

The measurement of morphological characters of 18 territory
residents revealed that males possessed 1longer and deeper
bills than females and that apart from plumage differences,
these were the only differences in visual appearance between
the sexes. Any competitive advantage experienced by males in
foraging was not reflected 1in significant differences 1in
body-weight, and possible differences in male and female diets

were not evaluated during this study.

Both sex ratios and population size in 12 regularly monitored
territories remained static during this study. Males and
females were equally represented in the territorial phase,
whereas at Canberra females outnumbered males 57:43 (Carrick

1972). The differences between the two populations may
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indicate that subadults were incorrectly sexed as females in

tnhe Australian study, or that polygyny was more common there.

Linton territories tended to be smaller than those studied at
Canberra (;L=5 Ha; ;C=9 Ha) and as at Canberra, no
correlation could be found between territory size and number
of occupants (Carrick 1972). Shurcliffe and Shurcliffe
(1974), working on white-backed magpies at Adelaide found that
group size and territory size were positively correlated, but
Hughes et al (1982) could find no correlation for a population
of magpies at Brisbane, even when territory quality (indexed
from the measured areas of short grass) was included in the
analysis. Hughes et al tested three hypotheses about the
relationships between territory size, territory quality and
group size, and concluded that there was some evidence to
favour a "food-maximiser" hypothesis, in which magpies
maximised energy gain relative to the costs of maintaining a
territory. Linton territories were dispersed uniformly,
consistent with the hypothesis that territory occupants
attempted to space themselves as far as possible. Thus,
territory size at Linton appeared to be the outcome of
anti-social behaviour between the different groups of
occupants, rather than a reflection of the foraging

requirements of individual birds.

The productivity recorded at Linton (0.96 Jjuveniles/female)
was 70% greater than at Canberra (0.56 juveniles/female).

This difference may have resulted from the different
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availability of food evidenced from density estimates;
reduced nest or fledgling predation in New Zealand; or lower
levels of female-female interference (sec section 4.2.6)
mediated by a better food supply and a balanced sex ratio at

Linton.

Although not described before for white-backed magpies, the
bill-down, wing-trembling and tilting flight displays have all
been observed 1in interactions between Western magpies
(Robinson 1956). The tilting flight display was performed by
males between February and November in the Western Australian
study, and variants of bill-down (called the 'defiant'
display) and wing-trembling (called 'lyre-wing' and considered

submissive) were also described.

Inhabitants of the study area were white- and black-backed
magpies. Although 25% of the flock sample was black-backed
(Colour classes B,C,D), the proportion of melanic individuals
in the territory sample was 50%. However it should be noted
that the territory sample was small, and concentrated in
locations where family members (birds of similar colour) were
likely to be caught together. Despite the measurable level of
melanism at Linton, the birds were considered to be

conspecific.
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CHAPTER THREE

Flock Cohesion and Time-Activity Budgets

3.0.0 Introduction

Birds prevented from site attachment and resource defence by
the aggressive behaviour of conspecifics have two options
available to them. They may aggregate with other individuals
into flocks on undefended areas, or they may live singly in an
"underworld" environment (Smith 1978). In common with great
tits (Krebs 1971) and the Santa Cruz Island jay (Atwood 1980),
nonterritorial magpies form flocks in habitats unsuitable for

breeding (Carrick 1972, and section 2.2.2).

Most recent research into flocking behaviour has emphasized
the advantages to individuals in terms of increased foraging
efficiency and reduced predation risk (Thompson et al 1974,
Caraco 1979a and b, Barnard 1980), and improved information

about scarce and patchy food (Clark and Mangel 1984).

However, since the flocking phase formed a numerically small
subset of the magpie population at Linton and was the outcome

of emigration from the territorial units, the focus of this

study was rather different.

Here, several questions were asked about the movements and

day-to-day maintenance behaviour of individuals in the Linton
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flock, in order to develop a behavioural profile of the flock
"lifestyle" (see section 5.3.0 for an explanation of the term

"lifestyle").

First, was the flock a random assemblage of all the
nonterritorial individuals 1in the study area, or did
individuals associate preferentially with others? Both Ekman
(1979) and Ficken et al (1981) showed that the membership of
winter feeding flocks in small passerine species was coherent,
and that attachments between flock birds led to later
pair-bonding. By contrast, wintering sanderlings formed open
(but nonrandom) groups with 1loose 1inter-individual bonds
(Myers 1983). The two indices used to detect associations in
these studies led to high association scores for individuals
seen rarely and therefore were not applicable to this study.
Instead, goodness-of-fit between the distribution of possible

pair sightings and the Poisson distribution was investigated.

Next, did flock membership change on a seasonal or daily
basis? Since individual presence or absence could not be
continually monitored, gross changes in flock composition had
to be inferred from changes in flock size. An investigation
of the effects of month and time on magpie numbers was

therefore conducted, using analysis of variance procedures.

How did flock birds spend their time? Frequent scans of the
flock yielded 1information about the proportions of birds

engaged in each activity, and the foraging portion of these
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data was inspected for patterns arising out of seasonal and

daily influences.

Was foraging behaviour affected by the number of birds present
in the flock? Since predation risk was nil during the period
of study, the foraging behaviour of the flock magpies was not
constrained by risk-avoidance behaviour. Any changes in the
relationship between the two parameters would reflect social
or prey-population changes alone, so regression analyses of

flock size and proportion foraging were performed.

Finally, did flock birds have time for non-maintenance
activities? If so, emigration from territories may not have
been 1life-threatening, and opportunities to exploit
territorial vacancies were not precluded by unfavourable time

budgets.

3.1.0 Methods

3.1.1 Trapping and Banding

Flock birds were trapped from September 1978 to February 1979
using the technique described in section 2.1.2. A total of 33
flock magpies were individually marked with a 3-colour

combination of leg bands (see sections 2.1.4 and 2.2.2).

3.1.2 Sampling behaviour

53



The time budget samples were obtained at 14 day intervals from
September 1978 to August 1979, during complete dawn-to-dusk
watches from a hide. Attempts to record individual
time-budgets by following the activities of banded birds
failed, because the magpies moved out of visual range

frequently.

Instead, the visible flock birds were scanned each 5 minutes
and a count was made of the total numbers of birds present,
and the numbers engaged in each activity. The day was divided
into six time periods following the method described in

section 4.1.2.

3.1.3 Behaviour patterns

The observed behaviour of the flock magpies fell 1into seven

classes of activity as follows:

(1) Foraging. Prey were obtained by walking and striking at
ground invertebrates, and by pecking at insects on the sides
of fenceposts. During the first month of the study, September
1978, magpies were scored as foraging if they were seen to
peck during the scan count. This criterion was relaxed in the
following months, and birds walking and watching the ground

were also scored as foraging.

(2) Perching. The flock birds interrupted foraging bouts to

perch on fenceposts and power pylons in the area. Preening
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and singing were sometimes performed while perching.

(3) Standing/sunbathing/bathing. Flock birds spent extended
periods of time standing on the ground without foraging. In
practice it was sometimes difficult to distinguish the' two
activities, and the score given during a scan reflected the
observed inactivity of an animal during the preceeding 5
minute interval. While on the ground and not foraging, these

birds also sunbathed and waterbathed (in puddles).

(4) Flying. The number of magpies in the air over the flock

area during each scan was noted. Flock birds also flew in

response to disturbance from farmers and harrier hawks (Circus

approximans).

(5) Fighting. Fights erupted between 1individuals and small
groups, and 1involved short chases and aerial combat. Fights

were of short duration and were usually over in 60 seconds.

(6) Playing. Flock magpies played together in mock fights,
wrestling matches, and tugs-of-war. Play was initiated when a
magpie crouched behind another individual and vocalised
softly, or gently tugged 1its tail feathers. Short rushes
towards another bird also 1led to a play interaction. Play
bouts were prolonged (up to 30 minutes) and often 1led to
several birds 1lying on their backs on the ground. Play was

most commonly performed by Age Class Three and Four magpies.
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(7) Anti-predator behaviour. Flock magpies sometimes attacked
harrier hawks in the area, and alarm calls were given when

hawks flew nearby.

3.2.0 Results

3.2.1 Associations between magpies.

17 of the 25 magpies banded in the flock before 25-10-78 were
seen again before mid-May 1979. Of the 300 possible
combinations of seeing two birds together, 69 (23%) were
obtained. The distribution of pair-sightings 1is shown on
Table 3.a, and was found to fit a Poisson distribution
(P=0.05). The population of pair-sightings was therefore

random, indicating that flock magpies did not have preferred

associations.

Figure 1 of the Appendix has the original data on which this

analysis was based.

3.2.2 Time-activity distributions.

The data set for the study of flock time budgets was collected

over 250 hours of real time, and when analysed, allowed the

following statements to he made. (See Table 3.b for a summary

of the sampling eftort).

The number of birds counted in the flock at 5 minute intervals
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TABLE 3.a

Distribution of possible-pair sightings

Possible-pair sightings  O* 1 ot 3

No. of pairs recorded 231 62 6 1

* for example, possible-pair never seen

T for example, possible-pair sighted twice
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TABLE 3.b

Flock time budget sampling effort

Month No. of _ mean .median _ max - min
scans birds/scan birds/scan birds/scan birds/scan

September 125 48.5 50 77 11
October 169 16.3 16 34 1
November 335 215 20 79 0
December 349 11.9 10 38 1
January 347 15.4 10 51 1
February 322 17.3 17 36 1
March 231 14.5 13 43 1
April 277 20.4 20 46 3
May 364 18.5 19 42 2
June 120 20.8 21 35 4
July 182 17.4 17 31 5
August 102 16.2 17 26 6




varied significantly with month and time of day (Table 3.c),
and there was also a significant interaction Dbetween the
effects of months and time periods. Figure 3.a 1illustrates
flock sizes during the study. No obvious patterns could be

discerned.

The transformed proportions of foraging birds varied
significantly with month but not time of day (Table 3.d).
However there was a significant interaction Dbetween the
effects of month and time on the proportion of the birds in
the flock foraging, indicating that any influence of time on
foraging behaviour depended on the month of the year. The
strict criterion used to judge whether or not birds were
foraging in September (the first month of the study) led to
very low foraging proportions, so September was omitted from

the analysis and the criterion was relaxed for future months.

A positive correlation between the number of magpies present
and the number foraging was discovered for all months, but the
September and December results were weak. The correlation
coefficients, regression line intercepts and coefficients of
determination are listed on Table 3.e. The amount of
explained variation (R2) improved for June and August when the
foraging numbers were normalised. The value of the 1intercept
may be interpreted as the number of magpies present before
foraging began, and was thus an index of the foraging drive of
the magpies in the flock area. If the birds were hungry, then

foraging was predicted to begin with fewer birds present.
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TABLE' 8L¢c

Analysis of variance on number of flock
birds per scan, by month and time,
excluding September

Hypothesis  Calculated F df (gz;;igaé SS) Decision

1* 38.315 10 2.05 reject Hg
o T 11.376 5 2.57 reject H
3Tt 14.309 50 1.43 reject Hy

* the number of magpies per scan was the same for all months
+ the number of magpies per scan was the same for all time periods

++ differences in the number of birds per scan between months
were independent of time period differences
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TABLE 3.d

Analysis of variance on transformed proportions of flock
magpies foraging, by month and time, excluding September

Hypothesis Calculated F df Critical F Decision

1* 25.976 10 2.05 reject H_
2" 1.746 5 2.57 accept H_
g 4.080 50 1.43 reject Hy

* the proportion of magpies foraging was the same for all months
+ the proportion of magpies foraging was the same for all time periods

++ differences in the proportion of magpies foraging between months
were independent of time period differences



Regression analysis of flock size and foraging activity

TABLE 3.e

Month r Intercept R2
January 0.910 5. 97 82.8
February 0.795 6.98 63.1
March 0.937 2.74 87.7
April 0.698 9.39 48.5
May 0.676 9.78 45.6
June 0.526 15.7 27.1
June* 0.531 12.5 28.4
July 0.511 12.0 25.7
August 0.732 7.99 53.1
August* 0.735 16.2 53.5
September 0.425 - -
October 0.758 7.85 57.3
November 0.763 12.6 58.1
December 0.435 - -

* normalised scores
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The percentage of birds foraging and performing other
activities in each month and time period is shown on Figure
3.b. Anti-predator behaviour was so infrequent that it
disappeared during the conversion of the original counts to
percentages. The months with smaller regression intercepts
(January, February, March) did not perfectly predict months in
which the greatest proportions of birds were foraging
throughout the day (February, March, April). In April for
example, foraging percentages were high but around 9 birds

were present before foraging began.

The proportion of birds foraging in the early morning time
period tended to be low and counterbalanced by the proportion
perching in the vicinity. In most months foraging activity

intensified as the day progressed.

More of the flock birds stood or sun- and waterbathed in
November, December and January but these activities decreased
as the percentage of animals foraging increased. When

foraging activity began to decrease again in May, more birds

were scored as standing.

Flock birds were seen to play only during afternoon time

periods in November, December, March, July and August.

3.3.0 Discussion.

The magpies banded in the Linton flock did not show
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FIGURE 3.b. The percentage of flock magpies performing each activity
during six day-time periods for twelve months.
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preferences for associating with each other, leading to the
conclusion that the flock was not a coherent, highly organized
social group. Social interaction between flock birds took the
form of fighting or playing, and there was no observational
evidence for a social hierarchy. Carrick (1972) described
flock magpies as "locally nomadic over all the treeless
pasture" in his study area, but no information about the local
movements of birds was obtained at Linton. 1In the Canberra
study, one quarter of the new territorial groups contained
magpies known to have been together in the flock (Carrick
1972). At Linton one flock-banded magpie was observed to make
a territorial attempt (section 2.2.2), and displaced territory
holders have joined the flock (section 4.2.3). The magpie
flock was a 1loose assemblage of birds at least temporarily

prevented from being territorial.

The flock varied in size with month and time of day. As shown
on Figure 3.a, flock sizes fluctuated over short intervals
indicating that flock membership changed frequently. While
mid-morning numbers may have been influenced by the movements
of territorial Jjuveniles from March, other changes could not
be accounted for. Now that variable flock composition has
been established, the daily movements of individuals need to
be tracked in order to study interactions between magpies from
different flock areas, and between flock and territorial
magpies. In the communally breeding Western magpie, no
significant nonterritorial component exists (Robinson 1956),

and nomadic individuals make inter-territory movements.
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PLATE 3.a. Flock magpies perching, preening and foraging.






The primary activity of magpies 1in the flock area was
foraging, and a higher proportion of the birds foraged in
February and March than in other months. Seasonal variations
in prey availability may be inferred from these changes in the
relative proportions of birds foraging, perching, standing and
interacting socially. If sorcial patterns do not alter when
foraging levels change, then foraging must have been
influenced by changes in the food supply (assuming that
metabolic needs remain similar). Thus from the time budget
data, February and March were months of reduced prey

availability.

The number of magpies foraging increased linearly as the flock
size increased. Flocking therefore neither inhibited nor
enhanced foraging behaviour. However, the linear model
accounted for only one quarter of the variation in June and
July, pointing to a more complex interaction between flock
size and foraging activity 1in the winter. As well, the
regression intercepts for these months were high, so that a
'‘critical mass' of magpies was reached before foraging began.
In December more of the flock birds were inactive than in
other months and foraging was only weakly correlated with
flock size. The lowest regression intercept was obtained in
March, when foraging occupied most of the flock birds at any
time. This 1lends support to the idea that flock magpies

experienced a food shortage in the autumn.

Except for the autumn months, between 5 and 45% of the flock
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were standing inactive at any time (see Plate 3.a). Some
birds also fought or played together. Obviously 1ill magpies
were never seen in the flock and an overall subjective
impression of healthy unstressed animals was obtained. The
daily survival rate was estimated 1in spring 1978 to be 0.9
(section 2.2.2). At Canberra however, flock birds succumbed
to predators and diseases and had lower survival rates than
their territorial counterparts. Flock birds also had lower
bodyweights than the territory holders (Carrick 1972).
Insufficient territory birds were trapped at Linton for a
comparison with the flock birds, but based on the qualitative
criteria above, the Linton flock birds experienced better

living conditions than those at Canberra.
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CHAPTER FOUR

Territory Histories and Time-Activity Distributions

4.0.0 Introduction

A variety of behavioural mechanisms have evolved 1in response
to conspecific competition for access to resources limited in
space and time. Brown (1964) argued that intraspecific
aggression in response to competition should lead to
territoriality when the area is 'economically defendable' (and
territory is "an exclusive area" (Schoener 1968), but see
section 2.3.0). Subsequent studies of the costs and benefits

of territoriality were reviewed by Davies (1978).

The first attempt to construct a quantitative theory of
territoriality was undertaken by Pyke (1979) and focussed on
optimal territory size. He hypothesized that "an animal which
is defending a territory will adopt a territory size and time
budget which maximize its Darwinian fitness (i.e. which are
optimal)",and formulated a model for nectar-feeding birds
based on minimization of daily energy cost rather than
maximization of resting time. A plethora of optimal
feeding-territory size models followed and were reviewed by
Schoener (1983), who examined the effects of changes in major
environmental factors (such as food density and intruder
pressure) on predictions by the models. For the

time-minimizing models, feeding time and defence time were
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positively related and for one energy-maximising model they
were negatively related, allowing the two strategies to be

separated in the field.

Optimal territory size may be influenced by extrinsic factors
such as the number of competitors. Verner (1977) postulated
that defense of more resources than needed for reproduction
would prohibit conspecifics from breeding, thereby enhancing
the fitness of the 'spiteful' territory holders through
interference competition (the 'superterritory' concept). Both
Colgan (1979) and Getty (1979) discounted the possibility,
based on Maynard Smith's (1974) concept of evolutionary stable
strategy (ESS) and a genetic model respectively, However,
Parker and Knowlton (1980) used two frequency dependent (ESS)
models to 1investigate the effects of interactions with
competitors on the evolution of territory size, and found that
superterritories may evolve when some animals are excluded
from resources (the alternative was that resources be shared
unequally among all individuals), and the potential fecundity
of individuals is low. Burger (1981) suggested that defense
of a larger tnan necessary territory could have a direct
effect on the fitness of the territory holder by decreasing

the likelihood of predation.

In nature, the same territories may be defended by more than
one individual. Competitors thus become cooperators and
hypotheses about the evolution of territory size must be

harnessed to a consideration of the evolution of sociality.

71



Both spatial and temporal dispersion of resources potentially
influence toleration by conspecifics of each other. Waser
(1981) summarised earlier studies of group size in relation to
food patch (or feeding-territory) size, and developed a model
of sociality for small African carnivores in which the costs
of tolerating conspecifics were a function of the rate of

resource renewal.

The influence of the dispersion pattern of carcases on group

size and ‘territory size for the brown hyena (Hyaena brunnea)

was investigated by Mills (1982), who concluded that territory
size was related to the distribution of food but group size
was related to the quality of the food (size of carcases) in

the territory.

Recently von Schantz (1984a) predicted that '"non-migratory
animals living in an environment where the resources fluctuate
should have a constant territory size if the animals life-span
is longer than the average time period of the resource
fluctuations™. Such obstinacy would permit group size to
increase when resources are super-abundant, through the
retention of offspring. This appeared to account for

fluctuations in red fox (Vulpes vulpes) group size (von

Schantz 1984b).

In his Canberra study, Carrick (1972) found that magpies
divided the pasture and woodland into territories which varied

in their size, quality and permanence. Most territorial
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groups originated in the flock as open groups which
monopolised good feeding areas. In some cases the group
members associated only during daytime, and roosted
separately. The defended areas had no trees and endured on
average for 8 months. About one-third of these 'open
territories' were occupied by male-female pairs and the
remainder were defended by groups. Nest sites were absent and
females in open groups did not breed. Magpies 1living in
mobile groups commuted between an outer feeding area and a
very small inner group of trees. From 36 complete mobile
group records it was found that these territories also had a
mean duration of eight months. Eighty percent of the sample
comprised groups of more than two birds. Although females
attempted to breed, they were never successful. The marginal
territories were of two sorts. Inner marginal territories
were small areas of poor pasture surrounded by trees and
compressed by neighbours. In contrast outer marginal
territories covered large feeding areas, with few low trees or
bushes. Most marginal territories were defended by pairs or
groups weighted in favour of females, and lasted on average
for 11 months. An average annual production of 0.09
juveniles/female was recorded. Permanent territories
encompassed enough pasture and trees to support both survival
and an average production of 0.56 juveniles/female. They were
long-lasting; tenure ranged up to 133 months, and a mean

duration of 47 months from 159 histories was calculated.

Not only territory type but also group composition varied at
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Canberra. The significance of this phenomenon was lost at the
time of publication because the work was aimed at supporting
Wynne-kEdwards (1962) thesis that population size is regulated
by territoriality and was presented as a population-level
study. The grbup-territoriality described by Carrick has been
interpreted as an example of cooperative breeding (see section
6.0.0) and an opportunity to examine intraspecific variation
in social systems (as defined by Lott (1984)) was lost. The
paradox of cooperation in a competitive system has yet to be

examined for magpies.

The aims of this chapter are to describe the responses of
magpies to competition for resources in a New Zealand setting,
and to 1investigate the consequences of variations in social

behaviour for individuals.

After an outline of the annual cycle of activity 1in the
territorial phase of the Linton study population, the
interactions between and within territorial groups are

described.

Then, within-group behaviour Iis analysed in terms of
time-activity distributions. Also called time budgets (see
for example Orians 1961), such records focus on the timing of,
and amount of time expended in each activity performed by
focal animals. The underlying rationale of a time budget
study is that even subtle differences in the expenditure of

time and energy can affect reproductive success (Orians 1961).
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Traditionally, researchers have sought to describe the 'best'
or optimal time-budget under various conditions (Verner 1965,
Wolf and Hainsworth 1971, Pyke 1979, Turner 1979), but it has
been suggested that animals may manage risk more effectively
by feed-back or feed-forward mechanisms (Rollo et al 1983), or
use satisficing strategies (Herbers 1981) which do not invoke

optimization.

Here, a large sample of time-activity records was collected
and examined systematically 1in order to answer the following
questions. First, was behaviour (measured as the time
expended in an activity) influenced by month or time of day?
Data from 9 adult magpies were examined for the answer. Each
of the major behaviour classes was then investigated, in order
to discover month and time influences on performance. Next,
were there differences between individuals in the time
apportioned to each activity? By checking individual plots of
the fitted values versus their residuals after the variance
analyses, it was possible to identify months and times when
some animals differed from the others in their behaviour. The
original scores for the uncommon classes of activity were also

graphed, to check for individual differences.

Throughout the time budget analysis, the aim was to reduce a
large volume of real-time data to a few simple statements
about the ways in which territorial magpies in pairs and
groups apportioned their time, so that the significance of

territoriality in their lives could be understood.
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h4.,1.0 Methods

4.1.1 Trapping and Banding.

Territory occupants were trapped and colour-banded wusing the
methods described in sections 2.1.2 and 2.1.4. During this
study 22 territorial residents were individually banded, and
remaining birds were 1identified by variations in plumage, or

idiosyncratic behaviour (see section 2.2.3).

4,1.2 Sampling Behaviour.

Territories were regularly checked for the presence or absence
of magpies (see section 2.1.7) and ad libitum records of
especially social behaviour were made during these visits (see

section 2.1.9).

From September 1978 to  August 1979 three territories
containing a total of 9 magpies were sampled for time-activity
distributions. Two of these territories ([01],[06]) were
defended by monogamous pairs and the third ([08]) was defended
by a group composed of 3 males, 1 female and 1 Age Class Five
bird which was later discovered to be a female. Reproduction
did not take place in [08] during the study and no time budget
samples were taken in that territory in September. Incomplete
records were collected from two other territories of short

tenure containing 7 individuals of all ages.
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Each sampled territory was visited at 14 day intervals, and
sampled for a complete day from dawn to dusk. Observations
Jere conducted from a hide erected 1in the territory the
previous day, and facilitated by the use of 10x40 binoculars

(Zeiss).

A focal subgroup sampling regime was employed, in which every
territory occupant was kept wunder continuous observation
during the sample period of up to a complete day (Altmann
1974). Thirteen distinct classes of activity were
distinguished on functional criteria (see 4.1.3) and the
behaviour state of each individual was scored each minute.
Except when birds were provisioning nests, the durations of
behaviour states were recorded to the nearest minute. When a
transition to another activity occurred, the minute in which
the transition happened was added to the total duration of the
subsequent state. When a magpie 1in the group under
observation was out of sight for a short period, the behaviour
seen when the bird reappeared was scored in the out-of-sight
period (Lehner 1979). If the out-of-sight period was long
relative to the duration of the most common behaviour states,

then category "unknown" was scored.

Following the method of Verner (1965), days were divided into
5ix approximately equal parts, wusing noon as the mid-point.
[n this way seasonal differences in day length were converted
into more-or-less similar time periods. Dawn and dusk were

judged subjectively. Behaviour scores for each individual
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were summed within time periods in each month. Appropriate

corrections were made for New Zealand Summer Time.

The analyses of these data are described in section 4.1.4.

4,1.3 Behaviour Categories.

Thirteen different classes of activity were recognised in the
time-activity study. When activities were not functionally
exclusive, a subjective decision about the dominant activity
was made. For example, a bird walking and occasionally

striking a prey item was scored as "foraging".

Behaviour patterns with a common function were classed

together as follows.

(1) Foraging. All actions which 1led to successful prey
capture were scored 1in this category. They included walking
and striking, digging with the bill, turning over objects, and
hawking from trees or fenceposts. Predation on small
vertebrates was rare but included 1in this category, and
consumption of plant material was never observed (but see

Carrick 1972 and Vestjens and Carrick 1974).

(2) Perching. Magpies perched in trees, on fenceposts, on
buildings and on powerlines 1in their territories. Foraging
bouts were interrupted by periods of perching on fenceposts

near the feeding site, and 1longer periods of perching were
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generally spent in trees. Perching behaviour may have been

multi-functional, contributing to both rest and surveillance.

(3) Territory Defence. This category included singing
behaviour but not alarm calls or subsong. Defence involved
both static and aerial displays, and fighting, as described in

section 4.2.3.

(4) Maintenance. Preening, sunbathing and drinking actions
were grouped together as maintenance behaviour. The term
maintenance is not used here in a functional sense, but as a

catch-all for activities directed by the actor at the self.

(5) Antipredator. All responses to potential predators were
scored in this category. Although magpies were never observed
to be preyed wupon at Linton, they responded with vigorous
singing and attacking whenever the territory was entered by a

swamp harrier (Circus aproximans) or a human.

(6) Within-group Social Interactions. The duration of
interactions with other occupants of the territory were timed,
and the 1identity of the actor and reactor were noted. Social
interaction records were extracted from the time-activity data
to form a separate all-occurences sample. Play behaviour was

not included in this category.

(7) Play. Actions interpreted as play are described in

section 4.2.6. Play was performed by both adults and younger
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magpies, and typically consisted of boistrous wrestling on the
ground, aerial chasing and swinging en masse from the ends of

branches.

(8) Not-in-territory. Also non-functional, this category
simply allowed short term absences from the territory to be

scored.

(9) Nest-building. Nests were built by females, beginning in

early June each year.

(10) Incubation. Eggs were incubated by females only.

(11) Brooding. Nestlings were brooded by females only.

(12) Feeding Nestlings. This behaviour was performed by both

parents. Only time spent in attendance at the nest was scored

in this category, and the term "nestlings" referred to nest

occupants including fledglings.

(13) Feeding Juveniles. For some weeks after fledging, young

magpies solicited food exchange from adults, and the older

birds responded by feeding the juveniles.

4,1.4 Statistical analyses of time-activity scores

Data obtained from the time budget study were analysed with

parametric analysis of variance (ANOVA) procedures, using the
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ANOVA directive of GENSTAT (Rothamsted 1980). After an
initial 3-way ANOVA (using behaviour, month, time), each
behaviour category was analysed separately with 2-way ANOVA.
The scores (amount of time expended in the activity in
minutes) were subject to a square-root transformation which
restored additivity to the effects of the factor levels. a

was set at 0.065.

§_.2.0 Results

4.2.1 Number and distribution of territories.

As outlined in section 2.2.3, partial histories were compiled
for 30 territories. Each territory was coded by number (see
Figure 2.c), and regular checks were made of the numbers and
identities of occupants. The territories were found to be
uniformly distributed (see section 2.2.3), and averaged 5 Ha.

in area.

A total of 62 nests were found in the study area between June
1978 and January 1982: 7 in 1978; 22 in 1979; 26 in 1980;
and 7 in 1981. An analysis of nests contents and productivity

has been left until Chapter Five.

4.2.2 Annual cycle of activity.

Nest-building commenced in early June each year, and was

continued by females throughout June and July. Age Class
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Three and Four magpies were occasionally observed to
manipulate nest materials at this time, and to follow the
nest-building female. Magpies mated from late July and eggs
were laid from early August. By the end of August, adults of
both sexes could be observed provisioning nestlings. The
young magpies began to follow their parents after 6 weeks, and

were seen on the ground from early October.

By late December, juveniles were foraging independently and
adult singing behaviour was at a minimum. Several attempts to
trap birds between December and early March failed, because
territory occupants did not respond to the live decoy at these
times. This suggested that territory defence was least

intense in the summer.

From March, juveniles hatched the previous spring began to
make short flights out of the territory, wusually to the

nearest flock ground or unoccupied area.

Singing intensified from March, and flock birds made frequent
attempts to perch in defended areas. All occupants combined
in their defence of it, although territorial group composition
sometimes changed around this time. Emigration of nonbreeders

peaked in August/September (see section 2.2.2)

4,2.3 Inter-territory behavioural interactions.

The timing and amount of territory defence summed for 9
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individuals in territories [01], [06] and [08] is shown on
Figure 4.a. Examination of the graph revealed that territory
defence activities consumed most time in the early morning
period and least during the early afternoon. This reflected
the inclusion of singing behaviour which was most intense
around dawn, before foraging began. Territory defence
occupied the greatest proportion of time in the autumn months
(March,April,May) consistent with the qualitative report in

section 4.2.2.

Defence behaviour was elicited by the proximity of neighbours,
and in some instances, was apparently unprovoked. At first
territory holders flew directly at the opponents, swooping
high into the air before contact was made. Birds frequently
defaecated at the height of the swoop, and the snapping sound
made by sharply closing beaks could be clearly heard. Then,
after landing both groups stood, bunched separately, on the
ground and carolled loudly. At this point, disputes either
lost intensity or escalated into fierce displays of
aggression. In the latter case, frequent bouts of aerial
display were followed by the terrestrial 'oill-down' threat.
Birds remaining on the ground performed 'wing-trembling' 1in

response to being dived at. Sucnh aggressive encounters were

never observed to result in serious physical damage.

231 magpie-hours of time budget observations were collected

from 2 group-defended territories ([07] and [09]). Both

groups disbanded in October 1978 without reproducing, although
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FIGURE 4.a. The distribution of territory defence activity
in each day-time period for four seasons.
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one adult female returned repeatedly to one place 1in a tree
and sat there for long periods. The time-budgets of these two
groups were characterised by frequent aggressive interactions
with neighbouring magpies and many absences from the
territory. It was judged wunlikely that these birds were
forced to forage elsewhere since they played for extended

periods.

Four of these magpies were colour-banded, and all were
resighted 1in the nonterritorial flock. At the time of
trapping none was identified as an adult male, but two
(blue-white-green and blue-yellow-red) were later determined
to be male from visual 1inspection 1in the flock, and one
(blue-white-blue) was still in the flock after 20 months. The
fourth, (blue-white-yellow) had regained territorial status by
1-7-80, by Jjoining the group occupying the territory adjacent
to the location in which it had been trapped. It was
impossible to determine whether this animal was a subadult
(aged at least 3.5 years) or a female. Male blue-white-green
had returned to the trap-site by 14-1-82 and was a member of
the same group as BWY. The movements of these birds are

sketched on Figure 4.b.

An attempt to establish a new territory was observed in autumn
1980 and described in section 2.2.2. One of the individuals
involved had bheen banded in the flock and its 2 or 3

companions were assumed to be also from the flock.
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One of the two banded males studied in territory (o8]
(blue-green-red) transferred to the adjacent group in
territory [12] during spring 1979. After BGR left the group,
one of the subadults in [08] revealed itself to be a male,
leaving an adult male complement of 2 in the territory.
Territory [12] already contained 2 males, one of which had a
malformed and nonfunctional leg. However the cripple
dominated blue-green-red throughout 1980, but was gone from
the group by March 1981, leaving blue-green-red and another

male in residence.

4,2.4 Defence by pairs and groups.

Of the 30 territories surveyed during the study, 9 (30%) were
occupied by monogamous adult pairs and the remaining 21 (70%)

were defended by groups varying in composition.

Groups originated in two ways. At the end of their first year
of life young magpies either remained in their natal
territories, or departed to the non-territorial flock. If
they remained (as Age Class Four and then subadult members), a
family or kin group was formed. Alternatively, small groups
of flock ©birds of unknown relationship attempted to recover
territorial status, and if successful were termed _non-kih
groups. 3ix territories alternated between occupancy by a

monogamous pair and a family group.

4,2.5 Composition of groups.
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Group composition varied during the study. The most
comprehensive survey was conducted for the January 1980
census, and group composition determined then is summarised on
Table U4.a. Of the 18 group-defended territories censused that
year, 8 (44%) were occupied by a trio of 2 males and 1 female,
and there were 4 (22%) family groups. Mean group size
(excluding Age Class Three magpies) was 3.8 in 1980, and 3.7

when averaged over 3 years and 41 records of group occupancy.

4,2.6 Intra-territory relationships.

Behavioural interactions between individuals within
territories constituted only 0.1% of the total time-budget,
and were infrequently observed at other times. Magpies did
not allopreen or perform any other tactile contact behaviour.
Group membership may be reinforced by group singing
activities, or cooperative defence. Apart from sexual and
parental behaviour, social intercourse was limited to play and

dominance encounters.

Bouts of play typically occurred in the mid-afternoon.
Juveniles interacted with siblings 1in aerial chases from
foraging locations to perching sites, and manipulated sticks
and other small objects singly or in company with others. In

all, 15 play bouts were watched within territories.

Adults played with their offspring in seemingly mock-tussles

on the ground. Usually the younger birds lay in the grass,
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TABLE 4.a

Group composition at January 1980 census
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while the adults maintained bill contact with them and hopped
from side-to-side over the prone figure. At other times, one
magpie walked behind another tugging gently at the {first
bird's tail and sitting quickly whenever the bird in front

turned around.

Adults played together on the ground in a series of
mock-fights, or 1in trees by hanging together from the tips of
branches, supported by beak or one leg. Adult play did not

seem to be inhibited by hierarchical relationships.

Dominance encounters were observed between adults of the same
sex and took the form of low swooping flights at subordinates,
who responded by wing-trembling or vocalising 1in a manner
resembling juvenile begging. Birds displaced each other at
perches, but without overt signs of aggression. Monogamously

paired adults never behaved in this way.

Aggressive interactions among group members intensified from
June until September. Females attacked each other, destroyed
the nests built by group-mates and flew aggressively at
soliciting females (see section 4.2.7). One such exchange was
observed between females known to be mother and daughter (see

section 6.2.2).

In November 1980, 2 males in [12] persistently attacked a sub
adult (Age Class Five) bird in the same territory, who made

begging noises and wing-trembled, but remained in the
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territory. In another incident, when one of two banded males
in [02] was shot in 1979, the other male continued to defend
the territory with the two resident females until the end of

the study.

4.2.7 Sexual behaviour.

In total, 10 copulations were observed during the study. In
each case, the mating was initiated by the female participant,
who indicated her readiness to mate by perching near her nest
and "soliciting". The solicit display (Figure M4.c) 1involved
rapid vertical vibrations of the tail accompanied by
wing-trembling. Hens crouched slightly during the display and
pointed the beak skywards. Females did not vocalise while

displaying and usually solicited in the mid-morning.

After a short interval, a male flew directly to the displaying
hen, mounted her and copulated. The encounter was terminated
by the male dismounting and flying to another perch. Mated
females fluffed out their feathers and, if not interrupted,

entered the nest and remained there for several minutes.

Two of the observed matings involved Age Class Four and Five
females. Soliciting was performed by a captive-reared magpie
at four months of age, and Age Class Three and Four magpies

were observed soliciting in the field on several occasions.

On 3 occasions early in the season (mid-June, early July),

91



SOLICIT DISPLAY

FIGURE 4.c. Pre-mating display by female magpies.
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monogamously paired males chased nest-building females into
the trees and once, the male-female pair fell from the tree

locked in contact.

An opportunity to observe the mating activity of the birds in
a group-defended territory occurred in July 1981, when the
single female in [28] solicited for 10 minutes near her nest,
attracting both males in the territory to the tree. While one
male perched near the base of the tree, the other hopped from
branch to branch close to the trunk until he was above the
female. When he flew onto the hen, the second male
immediately flew up to the pair and caused the first male to
fly to a 1lower branch in a flurry of beak-snapping. The
female began to solicit again and once again the first male
flew to her, and copulated. The second male flew away,

followed and then joined by the first.

A description of the mating display by Sicker (1946) was in

fact a misidentified play bout.

4,2.8 Cooperative breeding.

In many group-living species of birds, nonbreeders assist

breeders at the nest (see section 5.0.0). However, only two

instances of helping behaviour during breeding were observed

during the study.

In October 1979, the two males resident in [08] each fed the
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incubating female when she begged. Monogamously paired males
never fed a nesting female. Although both males in territory
[17) were secen carrying beaxfuls of insects in September 1980,
only one actually fed tne nestlings. The same males remained
in close proximity in July 1982, and neither fed the

incubating hen although she was audibly begging.

In the second instance, during conditions of food abundance,
one female whose own nesting attempt had failed fed the
fledged offspring of the other female in the territory (see

section 6.2.3).

Age Class Four and Five auxiliaries were never observed to

assist with nestlings or juveniles.

From Spring 1978 to spring 1981, 14 breeding events in 6
group-defended territories containing two adult females were
monitored. Two females built individual nests in 7
territories, only the single female built a nest in 3
territories and the number of nests was unknown in the
remaining 4 territories. Of the 7 twin nest efforts, 3 were
reduced to a single nest as the result of fighting between the
females. In territory [12] in spring 1979, a subordinate male
fed the nestlings of the subordinate female. Subordinate hens
delayed laying until the dominant female was incubating her

own clutch.

4.,2.9 Juvenile and subadult dispersal.

94



Of the 58 surviving juveniles hatched between spring 1978 and
spring 1981 in the 12 regularly censused territories, 51 (88%)
emigrated from the territory at the age of one year. The
other 7 (12%) remained in the natal territory for one more
year. Four of these birds (6% of the total) stayed in their

territories as subadults.

As described in section 2.2.2, juvenile dispersal (and hence
flock formation) occurred as the next cohort was fledging.
Age Class Three magpies began to make short flights away from
the natal territory during their first autumn, usually to the
nearest flock. The periods of absence extended from minutes
to several hours, wuntil finally the birds were no longer
resident in the territory. Aggressive incidents 1involving
adults and their Age Class Three offspring during the autumn
and winter may have contributed to Jjuvenile dispersal (see
section 4.2.6). The proximate stimulus for emigration was

unknown, but see Chapter Six.

Although the Age Class Four sample was small, a lower
proportion of these birds emigrated from the territories in
the following year. Magpies which stayed at home during the
first cycle of dispersal experienced (approximately) a 50%

likelihood of becoming permanent residents.

4,2.10 Time-Activity Distributions.

Between September 1978 and August 1979, 848 hours  of
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observation yielded almost 2500 magpie-hours of time-activity
data from 9 adults in 3 territories. The sampling effort |is

summarised on Table 4. b.

When activity scores were averaged over all individuals and
daytime periods for each month regardless of the sex of
individuals, three non-reproductive activities were
predominant in the time budget. They were foraging, perching
and territorial defence, and their distributions are presented
on Figure 4.d. when the reproductive months (August,
September, October) are omitted from consideration then
foraging occupied between 48% and 63% of a day; perching took
35% to 46% of the day, and territorial defence used 0.5% to 6%
of the day. Whenever a decrease in foraging activity was
recorded between months, perching behaviour increased. The
proportion of time spent foraging decreased steadily through
the spring and early summer, but mid-summer foraging levels
were higher. Territorial defence 1levels peaked twice: in
October/November (when dependent Jjuveniles were in the

territories), and during autumn.

Separate male and female time-activity distributions for the
breeding season are presented on Figure U.e. In August,
females (n=3) spent the greatest proportion of their time
incubating, and the average proportions of time spent in
foraging and perching were reduced to 21% and 9% respectively.
In the same month, males (n=6, including 1 non-reproductive

female) foraged for 53% of the time, and perched for almost
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TABLE 4.b

Summary of sampling effort for territory

time budgets in real-time minutes

Territories SON D}Pntmam JJA Times
[01] 852 889 808 589 Ty
852 889 808 589 T,
852 889 808 589 T3
679 914 723 643 Ty
679 914 723 643 Ts
679 914 723 643 Te
[06] 717 886 684 589 T
717 886 684 589 T,
717 886 684 589 Ts
687 918 714 520 Ty
687 918 714 520 Ts
687 918 714 520 Te
[08] 583 885 658 470 T
583 885 658 490 T,
583 885 568 490 T3
574 855 712 510 Ty
574 855 712 510 Ts
574 855 712 510 Te

97



20 DEFENCE

10

S0 PERCHING

25

70

9% TIME IN ACTIVITY

FORAGING

35

MONTH

FIGURE 4.d. Percent time expended in three predominant
activities from November to July by
territorial magpies.

98



10

99

FEED JUVENILES
0 e ————
20 BRUODING
0 =1
10 FEED NESTLINGS
0 — -
70 INCUBAT ION
35

>

=

>

— 0 —_—

g 10 DEFENCE
0 ___re=———— r—_[_—l

Z o PERCHING

w

b3

=

¥ s
0
70 FORAGING
35
0

F M F M F M
AUGUST SEPTEMBER OCTOBER
MONTH

FIGURE 4.e. Male and female magpies time budgets in the
breeding season )yASSEY UNIVERSITY
LIBRARY



all the remainder. Both females and males fed nestlings, and
this was reflected in the September time budget. Provisioning
nestlings occupied 7% of the day in both cases, and foraging
activity accounted for 04% and 67% of the time. Hens spent
less time defending the territories than the males, and
brooded nestlings for 14% of the day. By October, the female
time budget bore more resemblance to the distribution of male
activities, except for a reduced contribution to territorial

defence and less perching, in favour of brooding behaviour.

Three independent variables; behaviour (13 levels), month (12
levels), and time (6 levels) were examined for their effects
on one dependent variable, the amount of time expended by the
nine birds under study. After an exploratory 3-way analysis
of variance (ANOVA) which tested the seven hypotheses listed
on Table 4.c it was found that a square root transformation of
the data produced the 1lowest residual sum of squares
(reflecting within-group error), so further analyses were
performed on transformed scores only. Examination of Table
4.,c revealed that the sum of squares obtained for the
behaviour factor was orders of magnitude greater than the
values obtained for the other factors and interactions. This
was interpreted to be the outcome of wuncommon acts such as
within-group social interaction, or nest-building, exerting a
large influence on the between-group (between-behaviour)
variance. In other words, differences 1in time expenditure
between common and uncommon behavioural acts were so great

that they may have overshadowed month and time effects on time
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TABLE 4.c
. Critical F .
Hypothesis  Calculated F  df (a(z) - 0.05) Decision
1 7792.718 12 1.75 reject Ho
2 6.879 11 1.79 reject HO
3 8.012 5 2.21 reject H
4 24.872 132 1.22 reject H0
5 20.299 60 1.32 reject H0
6 0.563 55 1.35 accept HO
7 1.821 660 1.00 reject HO
Hypotheses
1 the time expended was the same for all activities
2 the time expended was the same for all months
3 the time expended was the same for all times of day
4 differences in time expended in each activity were
independent of monthly differences
o} differences in time expended in each activity were
independent of time of day differences
6 differences in time expended between months were
independent of time of day
7 there was no interaction between the effect of

activity, month and time of day on time expended
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expenditure.

Accordingly, the transformed data were subjected to 2-way
ANOVA of month and time factors, for cach category of
behaviour. A visual examination of the plots of residual
versus fitted values and residuals versus normalised residuals

served as a check of homoscedasticity (Zar 1974).

The amount of time expended in each of the three predominant
classes of activity (foraging, perching, and territorial
defence) varied significantly with month and time of day, and
was subject to significant interactions between month and

time.

A summary of the analysis for foraging activity 1is presented
on Table 4.d. Although all three variance ratios (F values)
were significant, the ratio obtained for the time factor was
large relative to that obtained from month or the month x time
interaction. To visualise the time effect, refer to Figure
4,.f where the means of the transformed scores are plotted
against time of day for each three-month season. Least time
was spent foraging in the early morning and the late afternoon
period saw consistently higher foraging levels. The mean
amount of time spent foraging in the late afternoon increased

in summer.

The analysis of perching behaviour is summarised on Table 4.e.

Again, time of day most strongly influenced the distribution
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TABLE 4.d

Analysis of variance on time spent foraging
by month and time, for territory magpies

Hypothesis Calculated F df (gzl;icglog) Decision

i 6.286 11 1.99 reject H0
2 47.754 5 2.57 reject H,
i 3.433 55 1.43 reject H_

* the time spent foraging was the same in all months
+ the time spent foraging was the same at all times

++ differences between months in the time spent foraging were

independent of time of day
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TABLE 4.e

Analysis of variance on time spent perching
by month and time, for territorial magpies

Critical F

Hypothesis  Calculated F  df (a(z) = 0.05) Decision
1% 8.077 11 1.99 reject H_
7 42.654 5 2.57 reject H_
S 2.928 55 1.43 reject Hy

* the time spent perching was the same in all months
+ the time spent perching was the same at all times of day

+t+ differences between months in the time spent perching were
independent of time of day



of perching activity and the interaction effect seemed small.
As demonstrated in Figure 4.g perching behaviour complemented

foraging.

The analysis of ‘territorial defence behaviour (Table 4.f)
showed that time of day was an important influence, and that
month exerted strong pressure on the distribution of this
activity. This information was graphed in Figure 4.a above

and described in section 4.2.3.

The month x time interactions were determined from the graphs
to be quadratic in form, but polynomials expressing each trend

were not developed.

By repeatedly plotting the fitted values of individual
foraging, perching and territorial defence scores against the
residual values (roughly equivalent to amount of error), it
was possible to check for obvious individual differences in
the amounts of time expended in these activities. The units
of measurement for all the graphs were the square root
transformations of the original scores in minutes. Foraging
behaviour is illustrated on Figures 4.h (1), (2), and (3), and
perching behaviour on Figures 4.i (1), (2), and (3). Two
females (in territories [06] and [08]) differed 1in their
spring time budgets. In territory [06] tne hen spent less
time foraging than the cock in August and both male and female
exhibited their lowest perching scores in September. The hen

in [08] foraged 1less than the males in August and September,
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TABLE 4.f

Analysis of variance on time spent defending
the territory, by month and time

Hypothesis Calculated F df Critical F Decision

1* 18.097 11 1.99 reject H,
gt 45.857 5 2.57 reject H,
3t 4.917 55 1.43 reject H_

* time spent defending the territory was the same in all months

t+ time spent defending the territory was the same at all times
of day

t++ differences in the time spent defending the territory between
months were independent of time of day



KEY TO FIGURES 4.h and 4.i

There are two parts to each figure:

(1) transparency denotes time of day for each score

1 - early morning

- mid-morning

- late morning
early afternoon
- mid-afternoon

- late afternoon

0O o o0 & W N
|

- more than one score

(2) lower copy denotes month for each score
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and had lower perching scores than the cocks in September.
These behavioural differences coincided with incubation and

nest-provisioning by the females.

Monthly totals of the time expended in foraging, perching and
territory defence by each individual were prepared, and tested
for differences between pair- and group-territory males and
females using the Mann-Whitney procedure (since the
distributions for three individuals were not normal).
Group-territory males spent significantly less time perching
than pair-males (P=0.0038), and while the group-territory
female also perched 1less than pair-territory females, the
difference was not significant. No differences in the amount
of time spent foraging were found between pair- and

group-territory males or between females.

Significant differences in the time spent defending the
territory were found. Group-territory males and the female
spent more time defending their territory than the paired

males or females did (P=0.002 for males, P=0.019 for females).

The five remaining non-reproductive activities could not be
validly analysed using ANOVA since few cells contained values
greater than zero. Instead, the non-transformed scores for
each individual were plotted for each month and time in a
manner analogous to the fitting of response surfaces (Steel
and Torrie 1960). Maintenance behaviour was distributed

between months and times by individuals without any apparent
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pattern and was disregarded. These data may have been
strongly influenced by the difficulty of observing state
changes by perching birds. Antipredator behaviour is plotted
on Figure 4.j, within-group social interactions on Figure 4.k,
and play on Figure 4.1. Monogamous pairs spent more time in
antipredator behaviour than the group-living magpies. Social
interactions within social units were confined to July and
August, and the two adult males in [08] played in October and
November of 1978, when there was no breeding activity in the

territory.

Direct parental investment by male magpies began with the
hatching of the -eggs, from when monogamously-paired and
dominant group males began to provide food to the nestlings
(see Plate 4.a). A two-way ANOVA on the number of nest visits
performed by males and females in each time period failed to
detect any influence of sex on this behaviour. In other
words, male parents visited the nest as often as the female

parents did.

J_.3.0 Discussion

Little of the variation 1in territory tenure described by
Carrick (1972) was seen 1in the Linton population. Three of
the 30 territories investigated during the study were
short-lived, but the remainder conformed to the description of
permanency supplied by Carrick. Neither inner nor outer

marginal territories nor mobile groups were detected in the
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PLATE 4.a. Male magpie provisions three nestlings.






study area.

Instead, the sedentary phase of the population defended
all-purpose and all-year-round territories for several years.
The transition between territoriality and nomadism was abrupt

by comparison with the Canberra population.

Territorial individuals divided the bulk of their
non-reproductive effort between foraging, perching and
defending the territory by song and visual display. If a

constant level of effort during foraging and constant
metabolic requirements are assumed, then variations in the
amount of time devoted to foraging reflected changes in the
availability of food. Greatest time was expended in foraging
during the mid-summer months and it is hypothesized here that
prey species type or availability altered at that time. It
was anecdotally noted during the study that earthworms were
the principal prey in magpie diets at Linton. As soil
moisture levels lowered over the summer, so worms may have
become more difficult to obtain, entailing a shift to more
time-consuming (fewer, harder to find, harder to catch) prey.
Although it has previously been argued that food shortages
(evidenced by malnutrition) were not experienced by magpies
(Carrick 1972), the results of the time-activity investigation

described here suggest that food was harder to obtain in the

summer at Linton.

As demonstrated on Figure A4.e, foraging behaviour was
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comp lemented by perching such that as foraging levels
decreased, the amount of time expended in perching increased.
The function of the perching behaviour was unknown but rest
and surveillance were realistic possibilities. In April for
example, relatively large amounts of time were spent in
territory defence and perching activity, so that some of the
time scored as perching may have functioned in surveillance.
The role of rest in the daily time budgets was difficult to
assess, since perching time was eroded without apparent

penalty during reproduction.

Inactivity patterns in many species were reviewed by Herbers
(1981), who modelled the outcomes of a satisficing strategy of
foraging in which an animal 1initiates foraging when it
perceives hunger and ceases when it becomes satiated. Such a
strategy results in a potential for ‘'laziness', which she
defined as periods of functionless 1inactivity. It was
suggested (Ettinger and King 1980, Herbers 1981) that laziness
may not only inhibit energy expenditure and stretch out the
intervals between feeding periods, but also provide a buffer
time to be utilized when resources are low or metabolic

demands high.

Other explanations for long periods of 1inactivity are that
predation pressure nas forced animals to lengthen resting
times thereby reducing visibility (Biedenweg 1983), or that
resting time is subject to physiological constraints (in large

mammals, Duncan 1980).

122



After investigating the relationship between territory size
and quality and group size in a Brisbane magpie population,
dughes (et al) (1983) concluded that magpies may be maximising
their energy intake relative to the costs of defending a
territory. Schoener (1983) recognised two types of energy
maximizers; those whose energy intake is limited by the total
time available for feeding, and those whose energy intake is
limited by food satiation (i.e. processing constraints).
Since the magpie time budgets described here 1include 1large
amounts of inactivity, the former style of energy-maximizing
territoriality can be discounted. If magpies are indeed
energy-maximizing territory holders, then they must be
constrained by food processing requirements. (Interestingly,

this is also consistent with a satisficing foraging strategy).

The costs of territory defence for magpies may be expected to
relate to intruder pressure, especially from the nomadic
phase. If song is both an energetically cheap and effective
means of inhibiting intrusion (see for example Wasserman
1982), and if effective physical defense depends on the
shortest flight distance from surveillance post to boundary,
then magpies should defend approximately circular territories
centered on the song and look-out posts. A circular area also
has the property of increasing in size with a relatively
smaller (square root) 1increase 1in perimeter. If intruder
pressure increases with perimeter, then the costs of defending
such a circular territory decelerate as area increases.

Examination of Figure 2.c confirms that the larger territories
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at Linton were roughly circular in shape.

With this in mind, the effects on feeding time, defence time
and optimal territory size of several environmental changes
for energy-maximizing territory holders with food processing
constraints and costs which are linear or decelerate with area
may be summarised. The predictions listed on Table 4.g have
been compiled from Schoener (1983). Time spent feeding by
energy maximizers cannot be influenced by environmental
change, but defence time and optimal territory size may

change.

From these model predictions, it might be expected that magpie
perching time fluctuated in relation to defence time. Time
spent inactive and perching may have operated rather like a
bank balance which is drawn on in emergencies. This point 1is
returned to below. The hypothesis that magpies are
energy-maximizing territory holders with processing
constraints should be tested by experimental manipulations

which mimic the environmental changes listed on Table 4.g.

The variety of social wunits involved 1in tne defence of
territories in the Linton study area was documented in section
4,2.4., There were no differences in the sizes of territories
de fended by pairs and groups. The consequences of
territoriality for individual magpies have not been considered
before and must vary according to the 'lifestyle' of the bird.

The word 1lifestyle has been used explicitly before (Verbeek
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TABLE 4.9

Time budget and territory size changes predicted
by Schoener's (1983) model of energy-maximising
territory holders with processing constraints

Feeding Defense Optimal ty
time time size
Increase in food
: no chan decrease decrease
density D g¢
. increase
Increase in
ANt Rl E rate no change or no change
decrease
Increase in food increase
density and increase no change or decrease
in intruder rate decrease
Increase in intruder
rate and decrease no change increase 1increase

in food density
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1972, Bekoff and Wells 1981) but without definition, when
describing one of several alternative modes of social
behaviour within a species or population. Other
inter-individual comparisons have focussed on social profiles
(for cows, Arnold and Grassia 1983), personality profiles (for
eland, Kiley-worthington 1978), social strategies (for Iberian
wolves, Colmenares 1983), and roles (for primates, Gartlan
1968), with a similar aim if not similar meanings. Lifestyle
as used in this study refers to an instantaneous subset of
response likelihoods to physical and social stimuli,
characterising differences between magpies which are more
general than 1individual differences but which are not shared

by the whole population.

Four lifestyles were distinguished 1in the Linton magpie
population. They were flocking, monogamous-pair
territoriality, non-kin group territorialty and kin-group
territoriality. It is stressed here that no information about
the genetic relatedness of adult flock birds was available
during this study, and non-kin groups were simply inferred.
Carrick (1972) described life-histories of individual magpies
who experienced several changes of social circumstance without
dispersing more than a kilometre from their natal territories,

50 related adults could be defending territories together.

Differences in lifestyle may be e¢xamined on an 4 postiori

basis in two ways. First, individuals may exhibit

time-budgets which characterise their 1lifestyles and the
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social roles played within them. It was pointed out by
Verbeek (1972) that the amount of time expended in various
activities depends on differences in lifestyle as well as body
size, food availability and pnysical factors sucnh as ambient
temperature. Time budget and social system were 1linked by

Duncan (1980).

The largest inter-individual differences in foraging behaviour
reflected the time constraints on two 1incubating females in
territories [06] and [08]. (The hen in territory [01]
experienced delays in breeding due to human and storm
interference, and eventually renested for the third time in
September 1979 after the time budget study was _completed).
There were no differences between pair and group adults in the

total time spent foraging each month and time.

The three group-territory males perched for significantly less
time than the two pair-territory males, and there was a
suggestion that the group-territory female followed that
trend. If perching time was a buffering resource, then

territory defence differences would also be expected.

The discovery that the group-territory adults spent
significantly more time defending their territory than their
pair-territory counterparts supported the hypothesis that
perching time represented a pool of inactivity that could be

drawn on for territory defense.
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Although individuals distributed their antipredator, social
and play behaviour differently, no characteristic patterns
emerged. All these activities occupied small amounts of time
relative to perching. Martin (1982) estimated the energy cost
of play at between 2.5 and 10% of the total daily energy
budget in mammals and suggested that the incidence of play
could provide a sensitive 1index of prevailing conditions.,
Although play was absent from the recorded time budget from
territory [06], the birds in that territory were observed to
play on other occasions. In [08], group members played
together in October and November when the pair-territory
adults were involved with feeding nestlings and Jjuveniles.
Whereas social play in pair-territories 1like [01] and [06]
usually involved adults and their offspring, play in groups
took the form of non-aggressive social interactions between
all group members and may have had a role in maintaining group
cohesion. The development of social and object play in young

magpies has been described by Pellis (1981,1981).

Differences in reproductive behaviour characterised the broad
differences in parental investment by males and females. No
breeding assistance was given by young of previous years but
rare incidences of help from adult group-mates were recorded.
while the single incidence of female aid may have been a case
of misdirected parental care (similar to that observed in
Darwin's finches by Price et al (1983)), the 1involvement of
two males with an 1incubating hen may reflect uncertainty of

paternity. Joste et al (1982) found a correlation between the
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amount of parental care and confidence of paternity for a trio

of acorn woodpeckers.

The time budget study demonstraped that there were lifestyle
differences in perching and defence activities, such that the
group-territory birds wunder observation incurred a higher
defence cost which reduced inactivity. As well,
perimeter-dependent costs of defending a circle decrease as
the area increases so that the defence effort per individual
magpie may decrease with an increase in the size of the
territory. 1Initial resistance at the perimeter of a defended
area may only be overcome by the cooperative efforts of a
group of birds. Group territoriality seemed to be a mechanism
for attaining territorial status and eventually a 'favourable'
time budget Dby individual magpies. Once established, group
individuals compete amongst themselves for reproductive

opportunities.

The ultimate feature which distinguishes -lifestyle differences
is reproduction. The alternative approach to comprehending
the consequences of individual differences in lifestyle is to
investigate the reproductive output of birds 1in relation to

their social behaviour. This problem is addressed in Chapter

Five.
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CHAPTER FIVE
Reproduction in the Linton Population
5.0.0 Introduction

The problem of reconciling individual and group interests 1is
not unique to magpies. Zahavi (1976) wrote, "The life of an
individual group-breeding Babbler is governed by two opposing
demands; it must collaborate with its group members in order
to survive, and on the other hand compete with other
individuals in the group to increase 1its own breeding
success." Emlen (1982) acknowledged that social competition
exists in any structured social wunit, and argued that each
participant should adopt behavioural tactics which will
maximize its inclusive fitness, Patterns of interaction
between individuals may be ranked on a continuum from selfish
to altruistic behaviour (Vehrencamp 1979), with a
corresponding decrease 1in the importance of individual

selection.

Classically, the effectiveness of a bpbehavioural strategy has
been measured as tne rate at which the strategists genes are
propagated relative to the genes of other individuals 1in the
population; its individual fitness (Vehrencamp 1979). In
practice, individual fitness i3 m2asured as lifetime
reproductive success (Brown and Brown 1981), and animals are

viewed as behaving selfishly to maximise this quantity
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(Dawkins 1976).

However, cooperative social behaviour can result in a
reduction of individual fitness (or lifetime reproductive
success) through altruism (Rodman 1981). Altruism refers to
behaviour which benefits another individual (the recipient) at
a cost to the performer (the donor), (Hamilton 1963), and may
occur when there is a high 1likelihood that the recipient
shares the determining genes with the donor, or there is a
high likelihood of later reciprocation, or when ecological
constraints favour group 1living and the behaviour promotes

group cohesion (Emlen 1981).

Altruism towards relatives may have evolved through kin
selection (Hamilton 1963, West Eberhard 1975, Michod 1981),
operating to maximize an 1individual's 1inclusive fitness.
Inclusive fitness 1s the sum of an individual's fitness and
the additional fitness of relatives devalued by the
probability that the relatives possess the same genes
(Vehrencamp 1979). Helping with reproduction by non-breeding
group members has been regarded as a test case of Kkin
selection (Brown 1974,1983), and a wealth of studies
describing cooperative breeding in birds have been published

(reviewed in Brown (1974) and Oring (1982)).

Species which exhibit cooperative breeding typically suffer
severe habitat, territory or nest-site 1limitations (Emlen

1978), and have in common the following demographic features:
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low fecundity, deferred maturity, high survival and 1low
dispersal (Brown 1974). Helpers are usually recruited via
retention of offspring, as in the Florida scrub jay (Stallcup
and Woolfenden 1978), the yellow-billed shrike (Grimes 1980)
and the Northwestern crow (Verbeek and Butler 1981). 1In fact,
it has been postulated that cooperative breeding needs
conditions of high rate of juvenile recruitment relative to

adult mortality for its evolution (Ricklefs 1975).

However satisfying the demonstration that altruists are
related to the recipients of their aid, other explanations of
the evolution of cooperative breeding are emerging. Despite
evidence that aid 1is apportioned relative to the degree of
genetic relatedness in some species (bell miners, Clarke
(1984); brown hyenas, Owens and Owens (1984); vampire bats,
Wilkinson (1984)), modelling studies have shown that altruism
may spread nonpreferentially among kin (Weigel 1981, Schulman
and Rubenstein 1983). Armitage (1982) found that familiarity
was more important in shaping marmot social relationships, and
Mumme et al (1983) observed sisters destroying each others
eggs in the acorn woodpecker. Helping benaviour was
considered selfish by Woolfenden and Fitzpatrick (1978),
Stallcup and Woolfenden (1978), Ligon (1981, 1983), Ligon and
Ligon (1983) because helpers may receive direct benefits in
the form of extended parental care, improved survival, or

opportunities to inherit space for breeding (Rowley 1931).

Although frequently cited as cooperative breeders (Crook 1965,
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Rowley 1976, Dow 1980, Koenig and Pitelka 1981), magpies did
not help at the nest in the Linton population (sece section
4.,2.8). In a review of intraspecific variations 1in parental
care and mating systems, Lott (1984) wrongly identified
magpies as alternately territorial or colonial. While it is
true that some magpies shared group-defended territories and
others were nonterritorial, the evolutionary significance of
each magpie 1lifestyle has not yet been discovered. Indeed,
"relatively little consideration has been given to the effects
of group living on individual reproductive success " (Stacey

1982).

This chapter investigates the reproductive success of magpies
in different lifestyles ("pursuing different social
strategies" Vehrencamp 1979), and examines the role of

nonbreeding group members in Linton territories.

5.1.0 Methods

5.1.1 Searching for nests.

Breeding hens began to construct their nests 1in early June
each year. The nests were located by direct observation of
building behaviour, or by following the bold approaches of
adults as they provisioned nestlings. In contrast,
subordinate hens in group-defended territories nested

cryptically, necessitating careful surveillance.
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5.1.2 Examination of nest contents.

Whenever possible, nests were approached by climbing and
examined directly. Since most nests were built at the outer
ends of slim upper branches, a pole—ﬁounted mirror was
employed to facilitate examination of the contents of the deep

nest bowls (see Plate 5.a).

5.1.3 Monitoring breeding progress.

The study area was traversed frequently throughout the
springtime, and observations of breeding activity and changes

in group size were entered onto nest record cards.

5.1.4 Annual census.

Each January the study area was censused so that all
territories were scanned for occupants, and the nonterritorial
flock was counted. The results of these counts formed the

basis of the productivity analysis.

5f270 Results

5.2.1 Clutch Sizes.

In Spring 1979, 8 nests in the study area were examined at

least once, allowing U4 <clutches to be counted. The mean

clutch size was 3.5 (n=4, range 3-4). Two of the nests (one
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PLATE 5.a. Pole-mounted mirror used to view magpie
nest contents.






containing a partly incubated clutch) were abandoned by the
hens in response to repeated human visits. Both females
renested, but one of the new nests (containing eggs) was blown

out during a storm and the female built a third nest.

Rather than risk further reproductive delays through human
interference, it was decided to analyse the sample of clutch
sizes collected by the Ornithological Society of New Zealand,
through the Society's Nest Records Scheme. Of the 90 cards

received for analysis, 73 yielded useful information.

The mean North Island clutch size for white-backed magpies was
3.5 +1.5 eggs (n=31, range 2-5, 1955-1981), and the mean South
Island clutch size was also 3.5 +1.5 (n=23, range 2-5,
1958-1981). The mean national clutch size was 3.5 #1.5 eggs.

In all samples, the median value was 4.0.

5.2.2 Nestling and Fledgling Survival.

16 of the nest record cards were sufficiently comprehensive
for an analysis of nestling mortality. A total of 60 eggs
were reduced to 41 nestlings, so that a mortality estimate of
32% was obtained for that stage. Of 17 nestlings counted in 7
nests (4 NI; 3SI), only 9 (53%) fledged, yeilding a mortality
estimate of 47% for the fledging transition. Overall, only

15% of the eggs survived to the fledgling stage.

When clutch size was related to nestling number for each of
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the 16 nests sampled as shown on Table 5.a, it was found that
4-egg clutches comprised 56% of the sample, and that 27 of the

41 nestlings (66%) came from 4-egg clutches.

5.2.3 Reproduction in Pair- and Group-Defended Territories.

In total, 72 nesting events were monitored between Spring 1978
and Summer 1982 (Table 5.b). Of this sample, 46 (64%) events
involved hens 1in group-defended territories, which comprised
70% of the territories in the study area (see section 4.2.4).
Productivity was measured as the number of free-flying
juveniles (Age Class Three) present in the territory the
following January. It was assumed that only one female
successfully reproduced during each group-territory breeding
event, but the assumption may have been violated in 2 cases.
There was no significant variation in productivity from year

to year during the study (Kruskal-Wallis H=5.23, n=4, P<0.05).

It was possible to estimate egg-to-fledgling success from
knowledge of the average national clutch size, the number of
nest attempts in the study area and the final number of
juveniles fledged. If an average clutch size of 3.5 eggs is
assumed for all nests and all years at Linton, then an
estimated 238 eggs gave rise to 90 flédged magpies, 38% of the
total possible. There was no difference between pair- and
group-defended territories (see Table 5.c), under the
assumption that there was only one hen breeding in each of the

group-defended territories.
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TABLE 5.a

Nestling number counted from clutches of known size

Number of Number of eggs
nestlings 2 3 4 5
1 0 /A 0 0
2 1 1 3 1
3 0 1 3 1
4 0 0 3 0
Total 2 7 27 5 41

Data from 0SOC NZ Nest Record Scheme
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TABLE 5.b

Production of juveniles by breeding female magpies

Year
1978 1979 1980 1981

n 19 21 20 12

X 1.6 1.4 0.9 1.4
median 2.0 1.0 1.0 1.5
S 1.0 0.9 0.9 0.6
S5 0.2 0.2 0.2 0.2
max 4.0 4.0 3.0 2.0
min 0 0 0 0




TABLE 5.c

Fledgling success estimated from
clutch sizes of 3.5

Pairs  Groups Total
n 22 46 68
eggs 77 161 238
fledglings 28 62 90
% success 36.0 38.5 38.0
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Comparison of production by females in pair- and
group-defended territories (Table 5.d) showed that there was
no difference in their reproductive performance (P>0.05,

Mann-Whitney test).

However, when the same productivity data were analysed on a
per capita basis using the Mann-Whitney-Wilcoxon test, paired
individuals were found to have a significantly higher
productivity than individuals living in groups (P=C.03, Table

5.e).

The results of L6 breeding events in group-defended
territories are summarised on Table 5.f. One-half of this
sample was from territories defended by trios (two males and
one female; one male and two females; one male, one female,
one bird of unknown sex), which produced 58% of the juveniles.
The remainder were sampled from territories defended by groups
of 4, 5 and 6 magpies. Of all the group-territory events
sampled, 26% were unsuccessful, 30% led to the production of 1

juvenile and 28% led to the production of 2 juveniles.

A Kruskal-Wallis test of the effect of group size on

productivity failed to reject the null hypothesis of no

difference.

5.3.0 Discussion

The similarity between the average clutch sizes at Linton and
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TABLE 5.d

Female productivity in pair- and
group-defended territories

Pairs Groups
n 25 47
X 1.3 1.4
median 1.0 1.0
S 0.7 1.05
S; 0.1 0.1
max 2.0 4.0

min 0 0
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TABLE 5.e

Production per capita by adults in pair-
and group-defended territories

Pairs Groups
n 22 46
X 0.6 0.4
median 0.5 0.3
S 0.4 0.3
Si 0.1 0.05
ma X 1.0 1.3

min 0 0




TABLE 5.f

Number of juvenile magpies fledged
in groups of various sizes

Number of Group size

Fledglings 3 4 5
0 5 5 1
1 6 6 1
2 7 4 2
3 4 1 1
4 1 0 0
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at Canberra (3.5 eggs, Carrick (1972)), and tetween the
Australian (3.3Y eggs, Berggy (1981) unpub.) and New Zealand
averages validated comparisons of productivity between the two
populations. Although intraspecific latitudinal variations in
clutch size are common (Owen 1977), South Island clutches did

not differ from the more northern clutches.

Clutch sizes are thought to evolve towards an optimum
(measured as the average) determined by clutch size-dependent
starvation and clutch size-dependent predation (Ricklefs
1977). Berggy (1981, unpub.) found that U4-egg clutches were
the most productive in terms of nestlings raised, and despite
the scanty data, this also seemed to be true for the 4-egg
clutches sampled by New Zealand ornithologists. This
similarity in average and optimal Australian and New Zealand
clutch sizes should be investigated along several 1lines of
enquiry. The trait may be accounted for on allometric
principles (Western and Ssemakula 1982), may be in the process
of changing in the New Zealand population, or may be the
outcome of counterbalanced changes in predation and

density-dependent food shortages.

The difference in egg-to-fledgling survival between nests
visited at intervals by other ornithologists and those
monitored from a distance at Linton may reflect the
sensitivity to disturbance of 1incubating magpies. It was
found during this study that nests visited during the

incubation phase were likely to be abandoned by the hens.
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Hens in the Linton study area were 70% more productive than
those studied at Canberra (Carrick 1972). Since clutch sizes
were not different, the greater productivity at Linton
represented better fledging performance. Reasons for improved

productivity were discussed in section 2.3.0.

A common theme in studies of cooperatively breeding species
has been the question, do helpers help? (Emlen 1978, Verbeek
and Butler 1981, Brown et al 1982, Dyer 1983). As Brown
(1983) pointed out, helpers must measurably affect the direct
fitness of the recipient before indirect (kin) selection can
be invoked. (However, if the behaviour is not altruistic the

role of indirect fitness cannot be rejected).

Here, reproductive success per breeding effort is used as an
index of direct fitness but as Vehrencamp (1979) has argued,
only lifetime reproductive success legitimately approximates
direct fitness. In the absence of 1lifetime data from
individually identified magpies, the productivity of females
sampled at Linton was wused perforce as an instantaneous

estimate of lifetime reproductive success.

The presence of potential helpers in the territories defended
by groups of magpies did not influence the productivity of
breeding hens in those territories. Parental care in magpies
is unequivocally the responsibility of the functionally
monogamous pair within the territory (in the sense of Stacey

(1982)), and this explains the lack of difference between the
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productivity of hens living in pair-defended territories and

those in group-defended territories.

Not only did magpie extras have no detectable effect on the
reproductive output of breeding pairs, but conditions
favouring aid-giving were absent. Charnov (1981) demonstrated
that biparental care selects against helpers, even when
potentially helping to raise full siblings, until the penalty
for leaving home in terms of missed reproductive opportunities
drops below 0.5. It was shown in Chapters Two and Three that
Jjuvenile dispersal at Linton did not 1lead to decreased
survival. As Koenig and Pitelka (1981) have stated, the
reproductive rate of groups on a per capita basis must be
higher than that of pairs before the presence of auxiliaries
increases the inclusive fitness of helpers or breeders, as
long as dispersal and breeding elsewhere is possible.
Productivity per capita was significantly lower for

group-territory magpies at Linton.

Why did breeders within group-defended territories tolerate
the presence of extras, when extra birds did not improve their
reproductive success and were not necessarily kin? (Note that
the term ‘'auxiliary' as defined by Dow (1980) cannot be used
with respect to magpie group members, since nonbreeding group
birds did not help at the nest. The word 'extra' refers to
nonbreeding and non-aid-giving group birds which did cooperate
in territory defence). So far, the only possible answer to

the question 1is that extra birds were required for their
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contribution to territorial defence, as described 1in section
4.3.0. This contribution to the group effort may be thought
of as 'birdpower', analogous to terms like manpower and
horsepower. In the case of related offspring, retention in
the family territory may give rise to the opportunity to bud

off a new territory later.

Why did nonbreeders 1live in territories where they were
prevented from breeding? Koenig (1981) suggested that
individuals in cooperatively breeding species for which group
productivity is no greater than pair output must be "forced"
to accept the option of group living in order to obtain access
to a localized and limited resource without which reproduction
or survivorship are impaired. The evolutionary consequences

of each of the four magpie lifestyles can be estimated very

crudely by obtaining the product of an animal's per capita

production, and 1its coefficient of relatedness to the
offspring produced (Vehrencamp 1979). The results of such an
exercise for the Linton magpies are shown on Table 5.g. It
Wwill be seen that magpies living in pair-defended territories
had the greatest estimated average individual fitness and that
monogamously-paired adults effectively lowered their fitness
by retaining offspring in the territory to form a family
group. Although both nomadic flock birds and group-living
extras received no genetic benefits, the territorial extras
were credited with per capita productivity. Group extras
appeared to have an opportunity to breed in the future,

perhaps by replacing dominant birds of the same sex or
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TABLE 5.9

Estimated average individual fitness

Lifestyle r R rR
flock 0 0 0
non-kin group 0 0.33* 0
kin group 0.5 0Lg8= 0.165
pair 0.5 0.5 0.250

where r = coefficient of relatedness

and R

ing effort
* median of 46 samples

+ median of 22 samples

per capita productivity per breed-
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overcoming their aggression in exceptionally favourable
circumstances. The paradox of cooperation and competition
within magpie groups may be viewed as the strategic solution
of otherwise nomadic birds to the problem of finding a space
to breed. Just what resource shortage fuels the competiton

remains unknown.

If reproductive opportunities were so scarce in the Linton
population that birds were forced to provide defence
assistance in order to become territorial, why did young
magpies disperse away from their natal territories? The role
of the food supply in the determination of group size is

examined in the next chapter.
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CHAPTER SIX

Food-Addition Experiment

6.0.0 Introduction

Previously, food has been added to animal territories with the
aim of testing hypotheses about territory size, density and
reproductive success (Yom-Tov 1974, Kdllander 1974, Smith et
al 1980, Franzblau and Collins 1980, Hbtgstedt 1981, Newton and
Marquiss 1981), with variable results. Ewald and Rohwer
(1982) extended food supplementation to the study of social
systems by successfully inducing polygyny in a population of
red-winged blackbirds. In the study reported here,
pair-defended magpie territories were supplemented with extra

food for 8 months in order to investigate juvenile dispersal

behaviour.

Normally, juvenile magpies disperse into the non-territorial
flock at the end of their first year, as their female parent
begins her next breeding effort (see sections 2.2.2 and
4.2.9). Although the flock lifestyle described by Carrick
(1972) for the Canberra magpies led to lower mean monthly
weights and reduced survival, the situation at Linton was not
a3 severe (see Chapter Three). However, an estimate of
average individual fitness for the flock lifestyle at Linton
was 0, compared with 0.165 for family group members and 0.5

for the adults of a monogamous pair. Despite this, and in
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spite of direct and indirect benefits from aid-giving as an
alternative to dispersal described for other species (see
5.1.0, and Emlen 1981), the majority of Jjuvenile magpies

dispersed out of their natal territories.

Since the final departure of the yearling birds coincided with
the hatching of the next cohort of nestlings, it was
hypothesised that a real or socially induced food shortage
precipated the transition to a nomadic lifestyle. A
prediction arising from this hypothesis was that juvenile
dispersal should be delayed or inhibited under conditions of
food abundance. Accordingly, extra food was added to a sample
of pair-defended territories and the behaviour of the juvenile
inhabitants compared with birds 1living 1in similar but

non-supplemented territories.

6.1.0 Methods

6.1.1 Test and control territories.

In January 1982, 11 territories which were defended by a
male-female pair and which contained successfully fledged
juveniles (Age Class Three) from the 1981 spring nesting
season were identified. Five of these territories were
randomly assigned to the Test category, and six became
Controls. Altogether there were 7 Jjuveniles 1in the test
territories, and 8 in the controls. In all, 6 of the

territories were located outside the study area on other farms
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at Linton.

6.1.2 Description of food stations.

A single wooden pole was erected 1in each of the test
territories so that 1its finished height above ground was 2m.
Four perches were arranged at right angles near the top, and a
500 ml plastic cup with a perforated base was hung beside each
perch. A feeding station is shown in Plate 6.a. Poles were

not placed in the control territories.

6.1.3 Description of supplementary food.

From February 1982, chopped defrosted ox heart was delivered
daily to each test territory. The diced meat was coated with
cooking o0il to slow dessication, and a vitamin supplement and
calcium powder were sprinkled over the meat when the adults
began provisioning the next cohort of nestlings in September.

Diced ox heart was found to be highly palatable to hand-reared

magpies.

6.1.4 Experimental regime.

The experiment was initiated in February 1982 when the

juveniles fledged in 1981 were independent.

Meat was delivered daily to the test territories in the two

hours before dawn, and the amount of meat was adjusted so that
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PLATE 6.a. Feeding station.

PLATE 6.b. Male magpie consumes ox-heart at feeding station.






about 15% by weight remained in the cups after 24 hours. The
birds were consuming meat within 7 days of its 1introduction
and all magpies in the test territories were checked as using
the meat within the first 21 days (see Plate 6.b). No
neighbouring magpies and no animals of any other species were
ever observed to consume meat from the feeders. One of the

control territories abutted onto a test territory.

All territories were regularly checked for the presence of
Jjuveniles. Exact dates of juvenile departure were not known,
but taken to be the number of days from the beginning of the
experiment to the first day an animal was not seen. The

length of juvenile stay was therefore slightly overestimated.

Food suplementation was discontinued after 240 days, past the
point at which the next juvenile cohort was fledged. The
reproductive behaviour of birds in both test and control

territories was closely monitored.

6.1.5 Sex of dispersing juveniles.

Age Class Three magpies can not be sexed on visual characters
so that the sexes of the 15 birds of that age class in the
test and control territories were unknown at the start of the
study. Two of these animals were subsequently discovered to

be females on bhehavioural criteria.

6.2.0 Results
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6.2.1 Juvenile dispersal.

The 7 juveniles present in the test territories reduced to 3
at the completion of the experiment. Eight control juveniles
reduced to 1 yearling (Age Class Four) during the same period.
The reduction in numbers was significant for both test and
control territories. Supplementary food therefore did not
influence the number of juveniles remaining in the territories

as extras.

Although most juveniles dispersed from their territories,
those living 1in the territories with an artificial abundance
of food may have dispersed later in the year. However, a rank
test of medians on the data in Table 6.a could not detect any
tendency for magpies in the test territories to remain longer

than the control birds.

6.2.2 Polygyny in test territories.

A total of 9 nests were built in the 5 test territories,
whereas only 4 were produced in the 6 control territories (see
Table 6.b). This was the outcome of nest-building activities
by extra females in the formerly pair-defended test

territories.

In the 'cowshed' territory (see Table 6.b), the remaining
yearling built her own nest, solicited her father and was

mated by him at least 4 times. She then sat in the nest for
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Length of stay by juvenile magpies (estimated)
during food-addition experiment

TABLE 6.a

Test Control
240 240
130 183
191 115
240 152
145 137
185 137
130 130

Combined median 145
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TABLE 6.b

Number of yearling magpies remaining and nests built in test
and control territories at completion of food-addition experiment

Test Control

Territory Juveniles Yearlings Nests Territory Juveniles Yearlings Nests

Cowshed 1 1 2 Silage 1 1 0

a 1 0 2 d 1 0 1

Underwood 2 2 2 Bridge 2 0 0

Mcgovern 2 0 2 Hanlen 2 0 1

Irvine 1 0 1 Cabbage 1 0 1
Micro. 1 0 1

Total 7 3 9 8 1 4
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nearly 5 weeks. No offspring were produced but her mother
fledged one chick, after persistently attacking the yearling

whenever she solicited.

In territory 'a', an unknown female immigrated into the
territory in April, and she also nested without success. The

original hen fledged two chicks.

Both juveniles remained in the 'Underwood' territory. One of
them built a nest, solicited her father and was mated at least
once by him. She also failed to produce young while her

female parent fledged two.

Both juveniles in the 'McGovern' territory dispersed, and a
unknown adult female joined the territory in July. When her
nest failed, she began delivering food to the dominant hen's
nestlings. This was the first case of helping by a female

ever seen during the study.

No difference in laying dates (determined from the onset of
incubation) was detected between test and control territories,
and two females in control territories did not even build

nests.

6.2.3 Productivity in test and control territories.

A comparison of the productivity of the test and control

territories, shown on Table 6.c, could not find any difference
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TABLE 6.c

Number of juveniles fledged by female magpies
in test and control territories

Test Control
number number fledged number number fledged
fledged females per female fledged females per female
1 2 0.5 0 1 0
2 2 1.0 4 1 4.0
2 2 1.0 0 1 0
3 2 1.5 3 1 3.0
2 1 2.0 1 1 1.0
2 1 2.0
median 2.0 - 1.0 1.5 - 1.5




in the numbers of magpies fledged (Mann-Whitney-Wilcoxon test
of medians). Territories receiving extra food did not produce

significantly more offspring than the control territories.

There was also no significant difference in the productivity
when expressed as the number of juveniles reared per female in
the territories (see Table 6.c), although none of the extra

females in the test territories raised offspring of their own.

Productivity between years was examined using the Wilcoxon
matched-pairs signed ranks test on the data in Table 6.d. The
test territories fledged significantly more young in 1982 than
in 1981, whereas there was no between-years difference for the
control territories. When compared with themselves, test

territories were more productive.

6.3.0 Discussion

The hypothesis that juveniles dispersed in response to a
shortage of food was rejected, because juveniles dispersed
even when food supplies were artificially boosted. The
discovery that 2 of the 3 non-dispersing magpies in the test
territories were females which attempted to breed (in juvenile
plumage), meant -that the hypothesis had been framed too
simplistically. Instead, the 'decision' to stay or go may
have depended on an interaction between the gender of the

yearling birds and the food supply in the territory.
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Number of juveniles fledged per breeding female
in 1981 and 1982, for test and control territories

TABLE 6.d

Test Control

1981 1982 1981 1982
1 1 1 0

1 2 1 4

2 2 2 0

2 3 2 3

1 2 1 1

1 2

162



Gaston (1978) found that females dispersed away from the natal
unit in common babblers, but young males were retained. In
two highly social mammalian species, the males dispersed
leaving the females to attain reproductive status at home
(marmots; Armitage and Johns (1982), hyenas; Owens and Owens
(1984)). Differential dispersal has been described for
magpies in the Canberra population (Carrick 1972), where
yearling males were said to be more likely to disperse than
their female counterparts. Unfortunately, there was no
description of how this information was obtained. The flock
sex ratio at Linton did not appear to be biased in favour of
males (see section 2.3.0), so the apparent difference in the

fates of yearling males and females was not anticipated..

The induction of polygyny in 4 of the 5 test territories was
an unexpected outcome of the altered food regime. Lott (1984)
listed 31 species whose mating systems alternated between
monogamy and polygyny, two-thirds of which did so in response
to altered -ecological circumstances ranging from unbalanced
sex ratios to changes in resource distribution and abundance.
Polygyny may be prevented by a requirement for unshared male
parental care (Yasukawa and Searcy 1982), or aggression
between females (Emlen 1982, Hannon 1984), However if there
are differences in the quality of male territories, females
may achieve greater reproductive success by mating with
already-mated males in high quality territories than by
joining unmated males in lower quality territories (Verner and

Willson 1966, Orians 1969).
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Since two of the secondary females which attempted to breed in
the test territories did so independently rather than assist
their parents to raise younger siblings, a payoff in terms of
improved individual (rather than inclusive) fitness was
sought. Even though none of the secondary females reared
offspring of her own, contradictory to the
Verner-willson-Orians model, opportunities for indirect

benefits to fitness were not exploited.

Of the 46 group-territory breeding events monitored between
1978 and 1981, 20 (43%) involved territories with more than
one adult female. Attempts by subordinate hens to build nests
and raise chicks were thwarted by the aggression of the
dominant female in each case (see section 4.2.6), and
subordinates only rarely succeeded in their efforts. By their
aggression, dominant hens maintained an effectively monogamous
relationship with their mates, and inhibited the development

of polygyny.

It is suggested here that the polygyny observed under the test
regime at Linton resulted from a food-induced shift in the
polygyny threshold which was detected by the transient and
Jjuvenile hens, and a corresponding food-induced reduction of

intolerance of primary breeders.

The consequence of group territorial behaviour for males 1is
that as group size increases, the patrimony factor stimulates

intragroup competition. The single instance of male helping
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observed during the study (see section 4.2.8) may have
resulted from actual or presumed (in a non-cognitive sense)
double-fathering of the clutch being incubated. Only the
dominant cock copulated with hens in the territory, and as
Gaston (1978) predicted, subordinate males should vacate a
group when the decrease in fitness resulting from male-male
competition exceeds any increase in fitness through kin
selection. Biparental care also selects against the retention
of male offspring as helpers (Charnov 1981). Extra males may
be recruited into pukeko groups 1in response to competition
from neighbouring groups, by dominant birds caught in a
situation analogous to the "prisoners dilemma" (Craig 1984),
rather than through indirect fitness effects, It is predicted
that dispersal was a mechanism facilitating lifetime
reproductive success for young male magpies, by increasing
their chances of adopting a more favourable 1lifestyle. Only
longitudinal records from known individuals will confirm or

reject the prediction.

In other studies, superabundant food enhanced reproductive
performance. For example, chick survival was improved in
crows perhaps because adults were able to spend more time at
the nest (Yom-Tov 1974), and European magpie pairs (Pica pica)
produced more fledglings than control pairs (Hdgétedt 1981).
Additional food led to increased clutch sizes in Sparrowhawks
(Newton and Marquiss 1981). During the study reported here,
neither production per territory nor production per female

differed significantly between test and control territories.
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However there was a significant increase in the output of the
test territories between 1981 and 1982, while the control
territories showed no change. When compared against
themselves, the original hens in the test territories were
able to fledge more young when the food supply was
supplemented, and it was inferred that magpie productivity was

at least in part limited by the food supply.

There were two routes to group territoriality 1in the Linton
magpie population; one via retention of offspring in family
groups, and the other through group formation in the flock and
subsequent efforts to acquire a defended area. Studies of
cooperatively breeding species have demonstrated that kin
groups form from offspring retention, and aid is given to the
primary breeders. Aid-giving by offspring has been variously
ascribed to parental suppression of reproduction (Vehrencamp
1979, Emlen 1982) and 'parental facilitation' or tolerance of
offspring persistence (Brown and Brown 1984). When magpies
were encouraged to retain their yearling offspring, they did
not do so (if they had done so, their average individual
fitness would have dropped from 0.5 to 0.165). Moreover,
birds still in juvenile plumage and immigrants to the test
territories attempted to breed. The hypothesis that magpies
are cooperative breeders must be rejected. Instead, they must
be viewed as selfish opportunists which exploit various social

lifestyles in order to obtain a reproductive role.
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CHAPTER SEVEN
Discussion and Summary.

7.0.0 Discussion.

7.1.0 Parameters of a magpie population in New Zealand.

There were two reasons for conducting the demographic research

reported in Chapters Two, Three and Four of this report.

First, within the adaptationist programme, the study of social
systems requires a thorough knowledge of the set of

ife-history tactics exploited by the individuals within a
population. Genetic, physiological, ecological and
demographic constraints 1limit the adaptiveness achieved by
organisms in response to environmental (selective) pressures
(Mayr 1983). The researcher seeking to discriminate between
the effects of chance and of natural selection on patterns of
social behaviour therefore needs to discover the generality of
observed trends 1in natality and mortality, and emigration and
immigration in the population under study. In practice, this
is approximated by setting confidence 1limifts to statistics

measured from a sample of the population.

The second reason for collecting demographic data at Linton
was to allow comparisons to be drawn with another population

in its native environment. If differences in demography and
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social structures are discovered in the introduced population,

then environmental mechanisms of change are inferred.

7.1.1 Population size and density.

The number of territorial magpies remained constant from year
to year at Linton, and their density was four times greater
than that measured at Canberra (Carrick 1972). Predation was
absent at Linton, and the food supply may have been richer.
Confirmation from a comparison of prey species levels and

capture rates is required.

The density of non-territorial magpies was six times greater
in the New Zealand study area, and it is suggested that the
habitat occupied by the Australian flock birds was poor in
comparison. Whereas insufficient food may have prevented
flock birds from attempting to breed at Canberra, some other
factor such as the absence of trees and bushes may have
inhibited territory establishment on the Linton flock grounds.
A simple test of this hypothesis would be the provision of

artificial nest sites at the two localities.

7.1.2 Clutch size and productivity.

Despite the evidence for a better food supply at Linton, there
were no differences in the average clutch sizes 1in the two
study areas, or between the two countries. The most

parsimonious explanation for the similarity is a non-adaptive
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one: magpie clutch size is linked to body size by allometric
principles (Western and Ssemakula 1982). Although an increase
in clutch size in richer environments could allow the
production of more young, such an adaptive shift may be

prevented by 'cohesion of the genotype' (Mayr 1983).

The adaptive explanation was proposed by Lack (1954), who
argued that the most productive clutch size will become the
most common one through natural selection. In spite of
evidence that in many passerines the most productive clutch is
larger than the most common one (Klomp 1970), the limitations
of food availability and parental effort proposed by Lack
still apply (Ricklefs 1977). Four-egg clutches were the most
common and successful in Australia (Berggy 1981, unpub.), and
were the most common and possibly the most successful in New
Zealand. The upper limit on productivity must be set by time
constraints on the parents and growth constraints of

nestlings, even when the food supply is abundant.

Although clutch sizes were the same in the two populations,
breeding females at Linton produced more free-flying young
than those at Canberra. Nest losses due to predation could

not be measured, but the only potential predator 1in the
district -the harrier hawk- was never seen to rob magpie
nests. The absence of predation and the richer food supply
evidenced by the high density of magpies at Linton may have

combined to improve productivity.
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T7.1.3 Survival.

The estimated annual survival of territorial magpies at both
Linton and Canberra was 0.85. However, the flock estimate was
0.50 ét Canberra and 0.90 at Linton. Although this difference
in the measured survival of nomadic magpies must be verified,
diseased birds were not seen in the Linton flock (in contrast
to Canberra), and predation was nil or 1low. In survival
terms, the transition from territoriality to nomadism was not

as punitive at Linton.
7.1.4 Operational sex ratios.

The adult sex ratio in the Linton territories was equal, but
at Canberra females outnumbered males. The sex ratio in the
flock at Linton was difficult to measure but lay between 33:66
and 50:50 males to females, whereas males were numerically
superior in the Canberra flock. Either females were
preferentially retained in the Canberra terriories, or males
were preferentially excluded. One may speculate that in an
environment where survival outside territories is low, parents
should retain youngsters of the sex with the highest 1likely
reproductive success in order to facilitate their passage to
reproductive maturity (Brown and Brown 1984). In the magpie
case, females seemed to disperse later than males at Canberra

(Carrick 1972).

7.2.0 Four lifestyles in a New Zealand magpie population
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Lifestyle was defined in section 4.3.0 as an instantaneous
subset of response likelihoods to physical and social stimuli,
characterising differences between magpies which are more
general than individual differences, but which are not shared
by the whole population. In this study four non-overlapping
lifestyles were abstracted from the all-occurences sample of
social behaviour. Such intra-specific variations in social
behaviour have previously been obscured by descriptions of
broad species-specific social patterns (Lott 1984), and where
magpies were concerned much information about individual
variations was lost in a wealth of population-level data

(Carrick 1972).

Unfortunately the statistical methodology for distinguishing
within-population patterns was too sophisticated for the data
collected during this study. On the one hand taxonomists and
plant ecologists seek <clusters based on similarities or
differences between 1individuals on an array of measured
variables (Williams 1971, Mezzich and Solomon 1980), and on
the other, a range of multivariate techniques for the
reduction of many variable measurements to a few derived
variates are available (Maxwell 1977, Aspey and Blankenship
1978). The qualitative criteria used in this study must

eventually be superseded by more rigorous procedures.

7.2.1 Nomadism versus territoriality.

Approximately 20% of the magpies in the study area at any time
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were non-territorial, living in a loosely assembled flock of
nomadic individuals. Such flocks formed in the spring from
yearling magpies emigrating out of territories, with the

addition of some adults displaced from territories.

The territorial spectrum observed at Canberra appeared to be
absent at Linton, where most territories were long-term. The
abrupt transition between the territorial and flock phases and
the longer survival of Linton flock birds indicated that
magpie habitat there was more uniform than at Canberra. The
less graduated interface between trees and pasture at Linton

possibly limited the variety of territory types.

Territory defence levels were highest in the autumn months of
March, April and May, at the time when parties of flock birds
were flying through and 1landing in defended areas. From
observations of the proportion of flock birds foraging at any
time, it seemed that flock birds were experiencing a food
shortage in March relative to other months. This reduction in
their food supply may have stimulated nomadic magpies to
search for food elsewhere, and may have been the proximate

cause for the autumn invasions of territories.

The absence of any correlation between territory sizes and the
number of magpies living 1in the territories disproved the
hypothesis that magpies were primarily defending a food
supply. Other possibilities remain to be investigated,

including the idea that in some way, territorial magpies
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sought to achieve 1inactive time as an insurance against

invasion.

7.2.2 Monogamy versus group-territoriality.

Two of the territorial lifestyles identified during this study
involved cooperative defense by groups of magpies. Some of
these groups comprised individuals known to be related as
parents and subadult offspring. In the others,
inter~-individual relatedness was unknown but ranged between O

and 0.5 (siblings).

Pukekos also breed as pairs or groups (Craig 1980), and
multi-male groups may form in response to competitive pressure
from neighbours (Craig 1984). Some of the groups comprised
unrelated pukekos. Such groups were described as having
unstable membership, a male-biased sex ratio, promiscuous
matings, uncoordinated incubation behaviour, and formed from
non-territorial flock birds. From 1limited observations at
Linton and the more extensive Auatralian data (see the case
histories in Carrick 1972), non-kin magpie groups formed in
the flock and cooperated to obtain a territory. Several
seasons may elapse before a breeding attempt succeeds, and
groups reduce in size and approach an equgl sex ratio during
this period. The non-kin group lifestyle seemed to be a

stepping stone to monogany and long-term territoriality.

7.3.0 The cooperative breeding hypothesis
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Aid-giving to non-descendant relatives 1is generally termed
cooperative breeding (reviewed in Brown 1983), and could have
evolved via kin selection or natural selection (Oring 1982).
A strong 1link between group-territorialty and cooperative
breeding has been established for many species (Gaston 1978),
so it was hypothesized that magpies 1living in territorial
groups at Linton were breeding cooperatively. Indeed, magpies
have frequently been cited as cooperative breeders (section

5.0.0).

7.3.1 Strong inference.

A strong 1inference approach was adopted to test the
cooperative  breeding hypothesis (Platt 1964). Strong
inference results from the systematic application of inductive
inference to alternative hypotheses, until all but one (or a
few) of them are disproved. If an a priori experiment
designed to disprove the hypothesis 1is impossible, one
scrutinises the results of an investigation to discover the

hypothesis that has been disproved a postiori.

In the past, ecological researchers mixed modelling and
investigating strategies, and Pielou (1981) has argued that
only investigation (equivalent to strong inference) is useful.
However, Quinn and Dunham (1983) expressed reservations about
the application of strong inference to the analysis of
theories of causality in ecology and evolution, on the grounds

that single or easily stated null converses are rare., Theirs
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was a valid complaint, but as shown below, strong inference
proved to be invaluable in the analysis of juvenile dispersal

behaviour.

7.3.2 Cooperative breeding.

It was theorized that nonbreeding magpies assisted breeders to
reproduce, either by providing direct aid during the nesting
stage or by indirectly assisting in some other way, such as
territory defense. Direct help could be disproved by
observation, but the exclusion of indirect help required
productivity data. If the group-territory females were more
productive than pair-territory females, or if per capita
production was lower in pair-territories, the hypothesis was

disproved.

No helping at the nest by nonbreeding offspring was seen  at
Linton and two instances of adult nest assistance were
discounted. No difference in female productivity was
discovered, and per capita production was lower in the groups.

The magpies at Linton did not breed cooperatively.

7.3.3 Delayed juvenile dispersal.

The kin groups that formed in the Linton magpie population
resulted from the failure of yearling offspring to disperse.
Although delayed maturity and prolonged association of young

birds with their parents features 1in many cooperatively
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breeding species (Brown 1983), it was not correlated with
helping in magpies. Under what conditions do juvenile magpies

remain in their natal territories for longer than a year?

It was suggested that juvenile magpies dispersed from their
territories because of a food shortage which either forced
their parents to reject them, or forced the young birds to
feed elsewhere. Two experiments allow this hypothesis to be

rejected:

yearlings go

(correlation)

(1) create food shortage

earlings stay

(inference)

yearlings go

(inference)

(2) create food abundance

yearlings stay

(correlation)
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Methods for suppressing earthworm populations on a large scale
are available (Tomlin et al 1981) but were not compatible with
farming operations in the study area. Instead, a

food-addition experiment was conducted.

Abundant food neither delayed nor inhibited juvenile departure
from territories. The hypothesis that a food shortage

stimulated dispersal was rejected by strong inference.

Two additional results were obtained. Pairs receiving extra
food became polygynous groups, and the breeding hens in these
territories fledged significantly more chicks than they had in
the previous year. What hypotheses did these results

disprove?

That food supply had no effect on female numbers and breeding
behaviour in territories was 1immediately excluded. In some
way, super-abundant food allowed extra females to become
established in pair-defended territories. Not only were
female offspring permitted to remain and attempt to breed, but
other females had somehow detected the -enriched food supply
and managed to enter the territories. It seemed that the
intolerance of the dominant hens described in 4.2.6 had abated
under the experimental conditions. Yearling females opted to
remain in their natal territories when a breeding attempt was

possible.

The hypothesis that food supply does not influence
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productivity was also rejected. Given the super-abundant food
conditions during the experiment, the improvement may have
reflected reduced foraging and travelling time constraints on

the adults as they provisioned the nestlings.

7.4.0 Summary

Magpies at Linton were not cooperative breeders, based on the

evidence accumulated during this study.

Nonterritorial magpies foraged together in flocks, did not
have preferred associations with other individuals, and did
not breed. The flock sex ratio was probably equal, and a time
budget study showed that flock foraging levels were highest in
March. Flocks formed in the spring as yearlings emigrated

from the territories, and a high survival rate was estimated.

Territorial magpies defended wuniformly distributed areas
averaging 5 Ha in size, on a permanent basis. One-third of
these territories were occupied by pairs, and the remainder by
groups of three to eight magpies, with an overall -equal sex
ratio. Family groups formed when yearlings did not emigrate,
and nonkin groups may have formed in the flocks. Group birds
spent less time perching and more time defending the territory
than pairs. A February food shortage was predicted from the
time budgets of the territorial magpies. Clutch Sizes
averaged 3.5 eggs, and an average annual productivity of 0.96

Jjuveniles per breeding female was recorded. Male parents
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visited the nestlings as often as the females did, and

production was enhanced by super-abundant food.

Nonbreeding birds did not help at the nest, except on rare
occasions. Females 1living in group-defended territories did
not rear more offspring than those in pairs, and per capita

production was lower for group magpies.

When the food supply was supplemented in a sample of
pair-defended territories, Jjuveniles did not remain to form
family groups. Instead, twice as many nests were built as the
result of the activities of subordinate females who remained
in or entered the supplemented territories, and attempted to

breed.

Non-kin-group territoriality in magpies may have operated as a
stepping stone between nomadism and permanent reproductive
status, while kin-group territoriality may have sometimes
facilitated juvenile transition to permanent reproductive

status.
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APPENDIX

TABLE ONE

Number of visits and sights in 12 closely-watched magpie
territories, and number of sightings needed for 90%
census efficiency (when visit efficiency of 60% is set)

Year
Territory 1979 1980 1981 1982

v RA RT v RA RT ) RA RT ) RA RT
[01] 11 54 5 3 7 2 1 3 2 3 10 2
[02] 7 16 3 6 24 2 4 10 2 5 17 2
[03] 7 24 3 6 18 2 4 14 2 12 33 5
[04] 8 29 3 8 18 3 5 10 2 14 39 7
[05] 7 13 3 5 18 2 2 6 2 3 9 2
[06] 13 32 7 5 A3 2 0 0 2 5 12 2
[10] 7 14 3 § 8 2 2 3 R 1 3 2
1] 6 18 2 5 15 2 2 5 2 3 9 2
[17] 3 15 2 8 39 3 3 7 2 3 8 2
[16] 8 5§ R 2 4 2 2 4 2 2 6 2
|'_17_'[ 8 28 3 9 39 ¢4 3 B’ 2 3 11 2
[21] 7 42 3 4 22 2 13 2 1 5 2
RA = actual number of sightings
RT = number of sightings required for 90% census

efficiency (from Svennson (1978))
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